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ABSTRACT 
This thesis examines the crenobiology of part of English Peak District known as the 
White Peak. The study is centred on the biodiversity of Chironomidae larvae and the 
physical and chemical characteristics that influence their distribution. Fifteen limestone 
springs were examined encompassing three spatial scales over a 12-month period. At 
the macro-scale, springs were examined in relation to the dominant abiotic 
characteristics (e. g. thermal vs coldwater, perennial vs intermittent springs). Most 
springs had relatively similar physical and ionic compositions and appeared to have 
relatively stable characteristics through time (meso-scale level). Thermal springs were 
characterised by low dissolved oxygen concentrations and high water temperature, 
conductivity, sulphate and calcium concentration compared to the coldwater springs. 
Perennial coldwater springs only differed from intermittent springs on the basis of 
physical characteristics dissolved oxygen concentration and conductivity. At the scale 
of single springbrook (micro-scale level), water characteristics were relatively stable 
with little variation longitudinally. Chironomidae biodiversity within the White Peak 
was relatively high with a total of 79 taxa being recorded from 15 springs. The most 
common subfamily was Orthocladiinae, which represented 83.1% of the total 
chironomid larvae recorded. Examination of individual springs indicated that faunal 
communities were dominated by a variety of taxa. However a small number of 
ubiquitous taxa were dominant at most springs. Analyses indicated that the 
Chironomidae community within the springs was primarily controlled by physical 
habitat characteristics (mineral substrates, submerged vegetation and mean flow 
velocity) rather than chemical characteristics. Thermal springs supported lower larval 
Chironomidae abundance and diversity compared to coldwater springs. Perennial 
springs supported higher Chironomidae abundances and diversities compared to 
intermittent springs. Chironomidae larval were more diverse and abundant in perennial 
springs with coarse substrates. Alga supported more greater diversities and abundances 
than mosses or macrophytes. Examination of heavy metal contamination at a single 
spring source (Tricket Sough) indicated that elevated zinc concentrations in water, 
sediments and chironomid larval resulted in increased rates of mentum deformities (e. g. 
missing median teeth, extra lateral teeth, asymmetrical teeth structure) compared to the 
reference site (Otter Hole). 
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CHAPTER 1: INTRODUCTION 
1.1 Introduction 
Groundwater dominated ecosystems provide a valuable source of water for anthropogenic 
use but also support many rare and potentially vulnerable taxa (Sket, 1999). It is now 
widely recognised that important and extensive linkages exist between surface and 
groundwaters (Hancock et al., 2005), and that the transition between these two domains 
represents an important ecotone (see Gibert et al., 1997). However, ecological research on 
groundwater dominated systems has lagged behind that of surface waters due to the 
problems of gaining access to natural groundwater ecosystems and the organisms that 
inhabit them (Boulton, 2005). There has been a recent resurgence of interest in 
groundwater ecology (see Boulton, 2005 and Hancock et al., 2005) and recognition that the 
biodiversity of groundwater dominated systems is under increasing pressure particularly 
due to groundwater abstraction and both organic and inorganic pollution (Beynen and 
Townsend, 2005; Gunn et al., 2000; Sket, 1999). 
Springs represent the point where groundwater reaches the surface of the land and the 
source of many riverine systems. Spring and springbrooks may be considered natural 
laboratories for studying the ecology and evolution of species and biotic communities 
(Glazier, 1998). Springs are of special interest to biologist and hydrogeologists since they 
are an expression of subterranean communities and flow process that would otherwise only 
be accessible via boreholes or caves. They constitute unique habitats with relatively stable 
abiotic conditions such as temperature, conductivity and dissolved oxygen (van der Kamp, 
1995). Monitoring natural springwater and contamination using chemical characteristics 
and biotic indicators is of potential value to hydrogeologists, biologists and water resource 
managers. In addition, springs and springbrooks are important sources of biological/genetic 
diversity (floral and faunal) and sources of drinking water (spring and mineral water) with 
considerable scientific and social/clutural value. 
During the first half of the 20th Century sampling of springs was relatively popular (Smith, 
2000). However, research on the ecology of springs (crenobiology) declined during the 
1960s, and Williams and Williams (1998) described this as the `dark age' of spring 
ecology. There has been a relative resurgence of research on springs since the late 1980s 
(e. g. Resh, 1983). Knowledge regarding the ecology of spring species, trophic 
I 
relationships, biotic interactions and even local distribution patterns are relatively poorly 
understood (Orendt, 2000). Springs and the habitats they support may represent important 
sources of drinking water for both humans and livestock, locations for recreational fishing 
and even as areas where the public come to walk and relax close to the rising spring 
(Williams et al., 1990). The Peak District National Park contains more than 150 springs in 
a wide variety of different types: thermal, coldwater, perennial, intermittent and boiling 
spring. 
Many macroinvertebrates species present in springs are strongly associated with the unique 
environmental conditions recorded within spring habitats. Previous research has 
demonstrated that there are a number of spring specialist taxa (e. g., Smith and Wood, 2003; 
Wood et al., 2005), including a number which are able to withstand major changes in water 
level and the stresses that this brings. Chironomidae larvae (Diptera) often have the highest 
abundances of the faunal groups within spring and/or springbrook complexes (Lindegaard 
et al., 1998; Ferrington et at., 1998; Rossaro et al., 1992). Nevertheless, this taxonomic 
group is often neglected in spring investigations, even when some focus on other Diptera 
groups (Orendt, 2000; Wood et al., 2005). An attempt to review Chironomidae distribution 
and factors influencing their occurrence in various spring ecosystems has been undertaken 
by Lindergaard (1998). However, this is still limited compared to other freshwater 
ecosystems (Crema et at., 1996). It is only recently that attempts have been made to 
determine broad scale patterns of chironomid taxonomic composition and to identify the 
factors that influence their community composition (Ferrington, 1998). On the rare 
occasions when sampling and evaluation has occurred, identification is often only to the 
generic level (Orendt, 2000). Thus, further examination of Chironomidae diversity in 
springs and springbrooks is required to provide information on their biodiversity for 
conservation and sustainable management, and to provide important baseline information 
in the light of future anthropogenic inputs and climate change. 
1.2 Research Hypothesis 
It is hypothesised that the biodiversity of Chironomidae larvae (Diptera: Chironomidae) 
within limestone spring systems, within the part of the English Peak District known as the 
White Peak, is high compared to other macroinvertebrate groups due to the low level of 
disturbance and the diversity of high quality physical (habitat) and chemical (water quality) 
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characteristics. Specific hypotheses for different investigations presented in this thesis will 
be outlined within the individual chapters. 
1.3 Research questions and objectives 
The following will be examined in detail: 
i) The physical and chemical characteristics and their variability within limestone springs 
in the White Peak area (Chapter 5). 
It is hypothesised that the gross physical characterisitics of spring habitats display 
greater variability than chemical characteristics of limestone springs within the White 
Peak area. 
To test the hypothesis data were collected over a 12-months period to provide 
information on the spatial and temporal variability of physical and chemical 
characteristics. 
ii) Examine larval Chironomidae biodiversity within limestone springs (Chapter 6). 
It is hypothesised that the biodiversity of Chironomidae is high compared to other 
macroinvertebrate groups due to their ability to susvive in a wide range of habitat and 
ability to rapidly colonise sites. 
To date no comprehensive survey on Chironomidae from springs within the White 
Peak or any other springs in the UK has been undertaken. This study will produce a 
comprehensive checklist of Chironomidae at the species/genera level and is expected to 
provide a firm foundation for further research. This data can also be compared to other 
research undertaken on macroinvertebrate biodiversity within limestone spring 
ecosystems. 
iii) Examine patterns of larval Chironomidae community distribution, abundance and 
diversity with reference to the physical and chemical characteristics of the springs in 
the White Peak (Chapter 6). 
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It is hypothesised that the physical characteristics of a spring (habitat characteristics 
and flow) exert a stronger influence on the Chironomidae community structure and 
composition than the water quality/chemistry characteristics. 
Larval Chironomidae distribution within the springs can be related to the 
environmental factors that may influence their distribution. This study will examine the 
relationship between larval Chironomidae distributions and the surrounding physical 
and chemical characteristics to aid in understanding the limits and control on their 
distribution. 
iv) Examine the micro-scale distribution patterns of larval Chironomidae within a single 
perennial spring (Chapter 7). 
It is hypothesised that the Chironmoidae community will change longitudinally within 
a springbrook reflecting changes in instream habitat and water characterisitics (e. g. 
water temperature). 
Most studies that have examined parameters that influence the Chironomidae 
community are within relatively large river systems and few have examined springs 
(e. g. Smith and Wood, 2002). A micro-scale distribution study of larval Chironomidae 
distributions along a single springbrook is expected to identify environmental factors 
influencing their distribution. 
v) Identify biological indicator species of heavy metal pollution (Chapter 8) 
It is hypothesised that Chironomidae within sites impacted by heavy metal pollution 
will display greater levels of morphological deformity than those communities at sites 
unaffected by heavy metal pollution. 
Chironomidae are well known as potential biological indicators. A micro-scale study 
(ecurenal zone) of a spring subject to anthropogenic heavy metal input and an 
unaffected reference site should enable the identification of indicator taxa. 
Sampling of appropriate physical and chemical characteristics will help to identify 
suitable biological indicator taxa of pristine and/or polluted limestone spring 
ecosystems. 
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1.4 Structure of Thesis 
The research within this thesis is centred on three spatial scales of analyses: i) macro-scale 
- sixteen springs within the White Peak region examined on a bi-monthly basis; ii) meso- 
scale - five springs examined at a monthly resolution; and iii) microscale - single spring 
studies of a) longitudinal micro distribution patterns of larval Chironomidae; and b) the 
impact of heavy metal pollution (Zn) on larval Chironomidae morphological deformities at 
an unimpacted site compared to a reference/control site. A summary and overview of the 
thesis structure is presented in Figure I. I. Chapter 2 outlines the literature examining the 
physical and chemical characteristics of spring habitats and the numerous environmental 
factors that influence the fauna inhabiting them. Previous research is examined to review 
the different forms and mechanisms of contamination of springs. The biogeography of 
Chironomidae in aquatic ecosystems, and in particular spring ecosystems, is examined with 
reference to specific chironomid taxa. The life cycle, taxonomic variability, ecological 
importance and environmental factors influencing chironomid larvae in aquatic ecosystems 
are discussed. The history of spring ecology (crenobiology), the characteristics of 
chironomid larvae in springs and the definition of the types of springs are outlined. Finally, 
the potential of chironomid larvae as biological indicators of heavy metal pollution is 
considered. 
Chapter 3 outlines the geography and hydrogeology of the White Peak. Detailed 
information of the known ecology of springs within the White Peak is outlined. Finally 
detailed information and site characteristics are described for each of the 16 springs studied 
within this thesis. Chapter 4 outlines the methodological approaches utilised within this 
thesis; including field assessments, sampling of physical and chemical characteristics and 
faunal sampling. The detailed procedures used in the laboratory for sample preparation and 
analyses are outlined. The statistical analysis techniques used in the thesis are outlined 
including univariate and multivariate methods and the determination of biodiversity 
indices. 
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Figure 1.1: Schematic diagram of thesis structure 
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Chapter 5 to 8 presents the results of the fieldwork and discuss the findings in the 
context of existing literature. Chapter 5 outlines spring water physical and chemical 
characteristics spatially and temporally. This chapter considers the similarities and 
differences between springs and seasons. Chapter 6 involves the examination of larval 
chironomid biodiversity and the factors influencing their distribution between springs 
spatially and temporally. The discussion focuses on the spring source area (eucrenal 
zone - within 1m of groundwater emergence) and community structure. Chapter 7 
provides information regarding micro-scale chironomid larval community variability 
longitudinally along a single springbrook system. Chapter 8 reports the impact of 
elevated heavy metal concentrations within Tricket Sough spring upon larval 
chironomid mentum deformities compared to a reference/control site (Otter Hole 
spring). The final chapter (Chapter 9) summarises and integrates the findings of the 
research and provides a broad overview of the research within the White Peak area. 
Finally the chapter summaries and outlines the limitations of the study and the need for 
future research developments. 
1.5 Summary 
This chapter provides basic information regarding springs ecosystems in relation to the ecological 
(biodiversity) and water resource values. The chapter outlines the importance of Chironomidae larvae 
numerically and ecologically in spring ecosystems and as potential biological indicators. The chapter 
outlined the hypothesis and objectives of the research. Finally a summary of the thesis structure is 
presented. 
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CHAPTER 2: LITERATURE REVIEW 
2.1 Introduction 
This chapter aims to provide an overview of the literature regarding spring ecosystems, and 
in particular knowledge regarding Chironomidae (non-biting midge) larvae. The chapter 
examines the literature, which has considered the physical and chemical characteristics of 
springs. In addition, the threats facing spring ecosystems are considered with particular 
reference to pollution and the contamination of groundwater, and its impact on aquatic 
invertebrate communities with particular reference to Chironomidae. The literature on 
crenobiology, including the biodiversity of springs and spring brooks is also examined in 
detail. The history of crenobiology is outlined and the selection of appropriate biotic 
indicators for groundwater dominated habitats is considered. Information regarding the 
taxonomy, life history and geographical distribution of Chironomidae is provided and the 
environment factors, which influence their distribution, considered. 
2.2 Spring/groundwater Quality 
Springs are points of groundwater emergence from underlying aquifers, and their physical 
and chemical characteristics depend on the strata with which the water has been in contact 
(Webb et al., 1998). The ground and surface water of the White Peak region is 
characterised by high concentrations of calcium carbonate (CaC03). Rivers that receive 
spring water discharge will be chemically altered. For example, the River Wye 
(Derbyshire, UK) has its headwaters on acidic and poorly mineralised strata, but becomes 
alkaline after receiving water derived from a number of limestone springs (Smith, 2000). 
The first comprehensive review of water resources in the limestone area of the River Trent 
basin was undertaken by Downing et al., (1970). This study divided the basin into two 
main sections, I River Dove and 2 the River Derwent. Section 2 (River Derwent) was 
divided into four cathcments (Derwent, Wye, Noe and Amber). The study sites and 
research undertaken as part of this thesis were concentrated on the first catchments 
(Derwent and Wye). 
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Edmunds (1971) found that majority of the water from springs in the White Peak had 
broadly similar chemical composition, being dominated by calcium bicarbonate, with a 
fairly constant potassium (K) and sodium (Na+) content and only slight variations in 
sulphate (S042) and chloride (Cl-) concentrations. Some studies have been conducted to 
identify and categorise springwater chemistry using multivariate techniques. Christopher 
and Wilcock (1981) used cluster analysis to classify springwater chemistry in the wider 
Peak District into four categories: i) shale waters, ii) general limestone waters, iii) 
mineral/thermal waters, and iv) dolomitic waters. Christopher (1980) demonstrated that 
floods may cause temporal variability of solute concentrations at conduit-fed systems near 
the margin of the White Peak, but those within the main limestone outcrop were relatively 
stable in comparison. A comprehensive review of the hydrogeology and the temporal 
variability of groundwater and spring water characteristics within the limestone of the 
River Derwent Catchment over the last 15 years has been undertaken by the Limestone 
Research Group based at the University of Huddersfield (Gunn 1998). 
Water quality and quantity within groundwater aquifers may be affected by many factors 
including urbanisation, quarrying and agricultural practice (Smith and Wood, 2002). It is 
now widely acknowledged that anthropogenic activities may threaten the biodiversity of 
springs and other groundwater dominated habitats at a range of spatial scales (Williams 
and Williams, 1998; Sket, 1999). 
Degradation of groundwater quality as a result of human activities is a major contemporary 
concern (Rudolph et al., 1992; Nolan et al., 1997; Williams et al., 1999; Elhatip et al., 
2004). Contamination of springs can originate from point sources such as landfills, or 
diffuse sources such as pesticides sprayed on the land surface or contaminants such as 
atrazine deposited across entire regions by long-range air-born transport (Goolsby and 
Thurman, 1993). Residential effluents are usually rich in organic matter, suspended matter, 
detergents and heavy metals including cadmium (Cd), copper (Cu), lead (Pb) and zinc (Zn) 
(Shear et al., 1996; Issac et al., 1997). A study of Himalayan springwaters indicated the 
direct influence of unplanned sewage disposal on springwater quality as reflected by 
elevated concentrations of nitrate (NO3), chloride (Cl), sulphate (SO4), sulfide (SO3) and 
electrical conductivity at impacted sites (Kumar et al., 1997). In addition grazing by 
domestic livestock potentially causes deterioration of spring ecosystems and riparian 
habitats through faecal contamination (Kauffman and Krueger, 1984). 
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Agriculture has a significant impact on British Karst groundwaters. Hardwick and Gunn, 
(1990) and Hardwick, (1995) studied the impact of agriculture on cave summaries the 
water quality of recharge to the Castleton karst aquifer. An investigation of non-point 
pollutants such as fertilisers on unsaturated zone indicated higher nitrogen and phosphorus 
concentrations in autogenic recharge to the cage (Peaksholewate sub-basin) than to cave 
beneath less-intensive land-uses both in same catchment and elsewhere in Britian (Gunn, 
1998). This is attributed to nitrate fertiliser and phosphate-rich digested sewage sludge 
application to the fields overlying the Peak Speedwell Cavern system. For example, in 
1991, nitrate concentrations ranged from 5.5 - 118 mg Y' and ranged from 0-2.9 mg 1"1. In 
contrast , nitrate 
levels measured in the spring water at Castleton in 1987 to 1988 were 6 to 
27 mg 1"'; at Slop Moll 6.6-30 mg 1"'; at Russet Well and 4.9-18.2 mg 1"1 at the Peak 
Carven Resurgence. 
The concentration of contaminants in some springs may be subject to rapid variations, 
associated changes in discharge rate, temperature or concentration of natural solutes 
(Ferrington, 1995). Because springs represent the transition zone between groundwater and 
surface water, they are frequently the location where humans come into contact with 
contaminated groundwater (Vesper and White, 2003). However, the impact of pollutants 
on aquatic invertebrates in groundwater-dominated environments has been poorly studied 
to date (Wood et al., 2002). Acute and chronic toxicity tests have not been used in 
groundwater ecotoxicology, primarily due to the difficulties in culturing hypogean animals 
under laboratory condition (Notenboom et al., 1994). 
Trace metal transport and contamination in springs has been a cause of great concern 
especially in the evaluation of the influence of storm flows (Shevenell and McCarthy, 
2002; Dorothy and Williams, 2003). Essential heavy metals such as copper (Cu) and zinc 
(Zn) are biologically important, but may be harmful if present in excessive concentrations 
within water bodies. Field investigations may be important mechanisms for evaluating and 
understanding the biological and ecological effects of heavy metals under natural 
conditions and can provide information on its bioavailability, and facilitate the description 
of the adverse effects on biota. 
Mohan et al. (1996) proposed a heavy metal pollution index (HPI), which represents water 
quality criteria with respect to heavy metal concentrations. The proposed HPI is based on 
the weighted arithmetic mean approach and was developed in two basic stages; i) 
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establishing a rating scale for each selected parameter and ii) selecting the pollution 
parameter on which the index is to be based. The rating system is an arbitrary value 
between zero and one. Prasad and Bose (2001) used this index to evaluate heavy metal 
pollution in springwater and surface waters in limestone dominated areas of the lower 
Himalayas. They found the index useful in the identification of heavy metal pollution in 
groundwater as well as surface waters. Benthos and sediments have been identified as sinks 
for pollutants in aquatic ecosystem and provide a long-term record of toxic discharge and 
accumulation (Chapman et al., 1996). 
Vesper and White (2003) indicated that trace metal transport can be linked to sediment 
transport and is enhanced within limestone springs during storm periods. They also 
confirmed that although storms may produce variable magnitudes of flow, which cause 
different volumes and rates of suspended solid transportation, and chemical responses in a 
given spring, the relationship between the sediment proxy and trace metals (As, Cd, Cr, Pb 
and Ni) remain consistent. Aluminium (Al) naturally occurring within sediments naturally 
scavenges anthropogenic metals (such as As, Cd, Cr, Pb and Ni) and become chemically 
bounded within its aluminosilicate structure. In addition, the presence of quartz, ferrous 
(Fe2+) and manganese (Mn 2+) within the sediments magnifies this process. Mn-oxides has 
been demonstrated to be associated with trace metals in other karst springs (White et al., 
1985). This relationship may allow researchers to anticipate periods of elevated trace metal 
concentrations based on proxies. 
2.3 Chironomidae biodiversity and biogeography in aquatic ecosystems 
Biological diversity or biodiversity refers to the variety of life forms: the different plants, 
animals and microorganisms, the genes they contain, and the ecosystems they form 
(Gaston, 1998). Biological diversity is usually considered at three different levels: genetic 
diversity, species diversity and ecosystem diversity. Genetic diversity refers to the variety 
of genetic information contained in all of the individual. Genetic diversity occurs within 
and between populations of species as well as between species (Moran and Hopper, 1987) 
and can be measured using a variety of DNA-based and other techniques (WCMC, 1992). 
Aspects of species diversity can be measured in a number of ways: i) species richness, ii) 
species abundance, iii) taxonomic or phylogenetic diversity and iv) ecological processes 
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(Magurran, 1988). In addition, the wide range of habitat differences and range of 
ecological processes may be used to structure any classification of biodiversity. 
Chironomidae is in the class of Insecta, subclass Pterygota, infraclass Neoptera, division 
Endopterygota, order Diptera and superfamily Chironomoidae (Table 2.1) (Cranston, 
1995). Several subfamilies are common in freshwater ecosystem e. g. Chironominae (Tribe 
Chironomini and Tanytarsini), Tanypodinae, Prodiamesinae, Diamesinae and 
Orthocladiinae. A detailed checklist of Chironomidae subfamilies is outlined in Table 2.3. 
The Chironomidae subfamilies have a worldwide distribution (Oliver and Roussel, 1983), 
although controlled by the availability of habitats that meet their specific requirements. 
Geographically, Chironomidae are probably the most wide-ranging family of aquatic 
invertebrates, with their geographical distribution exceeded only by collembolans and 
mites (Armitage et al., 1995a). Chironomidae have been recorded from antartica (Edwards 
and Usher, 1985) to tropical regions. The Chironomidae consists of ten subfamilies 
worldwide. Of the ten subfamilies, three have extremely limited geographical distributions; 
the Chilenomyiinae is limited to a single species Chilenomyia paradoxa that has only been 
recorded from southern Chile (Brundin, 1983a). The Aphroteniinae is a pauperite 
subfamily consisting of four genera and is limited to the southern hemisphere (Brundin, 
1983b) and the Buchonomyiinae consists of a single genus Buchonomyia with three species 
that have only been found in the western Palaeartic, Iran, Burma and Costa Rica (Walker, 
1987). 
It has been estimated that the number of species worldwide may be as high 15,000 
(Armitage et. al., 1995a). Approximately, 500 species of Chironomidae have been 
identified in the United Kingdom, exceeding the combined number of species of all other 
aquatic non-fly families (Ruse, 1998). Oliver (1971) grouped Chironomidae into four 
different groups based on habitat preferences. The first is the Aphroteniinae, which 
normally live in swift mountain streams in southern South America, South Africa and 
Australia. The second, a cold-adapted group (Diamesinae, Podonominae and 
Orthocladiinae), tend to be more abundant at higher latitude. The third group (Tanypodinae 
and Chironominae) is a warm-water adapted group and the fourth (Telmatogetoninae) is a 
brackish group, which can be found where fresh water mixes with the sea. 
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Table 2.1: Taxonomy hierarchy of the family Chironomidae (Diptera) 
Kingdom Animalia 
Phylum Arthropoda 
Superclass Hexapoda 
Class Insecta 
Subclass Pterygota 
Order Diptera 
Super Family Chironomiodae 
Family Chironomidae 
2.4 Freshwater springs biodiversity 
Freshwater springs have been largely neglected as subjects of ecological study, 
notwithstanding a few well known investigations of springs as model ecosystems (Odum, 
1957; Tilly, 1968). Understanding environmental factors and their major influence on 
biodiversity is very important. Most common macroinvertebrates species are associated 
with specific physical, chemical and vegetation factors, but abundance associations 
between species pairs are generally lacking (Douglas and Gooch, 1987). Springs and their 
associated habitats usually contain a limited number of macroinvertebrates species of 
diverse origin, including a number of spring-specialists (Danks and Williams, 1991). As 
well as supporting spring specialist taxa, adapted to the stable thermal regime and nutrient 
status, springs also support organisms from groundwater and headwater streams 
(springbrooks) (Jukka et al., 1998; Williams, 1991). Pritchard (1991), in a study of thermal 
springs in the United States, concluded that Odonata, from the genus Argia and A. vivida in 
particular is almost always associated with thermal springs in western North America. It 
was also concluded that some chironomids are able to thrive in warmer waters because 
haemoglobin (contained within the lateral body) increases respiratory efficiency at low 
dissolved oxygen concentrations. 
Williams and Williams (1998) have suggested that Chironomidae are the dominant 
invertebrates within a wide range of springs. They reported that some Chironomidae taxa 
were dominant in permanent thermal springs (> 35°C), permanent cold springs in glaciated 
regions, permanent cold springs in non-glaciated regions and in temporary cold springs. 
Chironomidae (Diptera), are therefore one of the dominant aquatic insect invertebrate 
groups inhabiting spring ecosystems. Colbo (1991) reported that 73 genera with 235 
known species for the holarctic region appear to have at least some species association with 
springs. Orthocladiinae had the greatest number of genera associated with springs and seep 
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habitats with coarse substrates; Colbo (1991) and Pinder (1986) noted that the sub family 
was a cold-adapted group. Lindergaard (1998) found 218 species of Chironomidae from 
European cold springs. In the Central High Plains Region of the United States, a total of 
113 species from 70 genera were recorded in 25 springs, springbrook and spring fed 
streams (Blackwood et al., 1995). A total of 74 chironomid taxa were recorded at four 
springs and twelve springbrooks in eastern Germany and the communities were 
characterised by the presence of rheophilic, cold-stenothermic, crenophilic and sometimes 
tryphophilic elements in each site (see Table 2.2 for definitions) (Orendt, 2000). 
Ferrington, (1998) estimated that approximately 137 genera of Chironomidae occur in 
springs in the holarctic region. 
A comprehensive study of macroinvertebrate in limestone area in Peak District has been 
undertaken by Heidi Smith (2000) and even though chironomids were only resolveded at 
the family level, the result indicated the importance of dipteran group in terms of density, 
diversity and distribution within Karst springs. 
2.5 The life cycle of Chironomidae 
Chironomidae larvae are apneustic and prognathous (Table 2.2 for definitions). They have 
four distinct life-cycle stages: - egg, larva, pupa and imago (Figure 2.1). The last two stages 
are usually very short in duration (from 2 days to two weeks), while the length of the first 
two stages varies substantially between and within species (from several week to several 
years) (Armitage et al., 1995a). The time to complete their larvae stage is influenced by 
many factors such as: water temperature, food availability and population stresses such as 
competition and predation (Tokeshi, 1995). 
Adult chironomids normally deposit their eggs on the surface of flowing water (streams, 
rivers and trickles) or standing water (pools, lakes and puddles). In some instances they 
utilise unusual habitats such as temporary rain-pools, plant-held water and even the very 
thin film of water on high altitude glaciers (Kohshima, 1984). However, Chironomidae 
larvae are not restricted to sediments and other surfaces exposed to free-water, since many 
can develop in interstitial aquatic habitats and some genera are terrestrial (Armitage et al., 
1995b). 
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Table 2.2: Definition of the terminology related to the spring ecosystem 
Terms Descriptions 
Helocrene Seepages that form marshy areas of varying sizes 
Limnocrene More substantial outflows of ground water that form 
ponds or small lakes 
Rheocrene Spring that form a stream or spring-brooks 
Rheo hilic/rheo hile Preferring to live in running water 
Crenobiontic Organisms living strictly within springs 
Crenophilic Organisms living within springs and s rin brooks 
Thermophiles Species found in thermal spring, but they are not limited 
to them 
Hypogean Subterranean organisms, living below the surface; 
interstitial or cave dwelling 
Apneustic A respiratory system without functional spiracles 
Prognathous Organisms with the head horizontal and the mouthparts 
directed anteriorly 
Voltinism Organisms having more than one generation per year 
Obligate ho ha es Feed exclusively on living tissue of plant 
Seston eaters Bore and consume plant tissue 
Facultative 
phytophages 
Use plant tissue only for making a retreat to live in 
Cold-stenothermic Organisms that found prefer to live in coldwater 
ecosystem 
Eucrenal zone Small area where groundwater emerges to the surface 
Hypocrenal zone The area where spring creates a surface flows and also 
known as s rin brook 
Eucrenal zone Area where groundwater emerge to the surface 
A limited amount of research has been undertaken on the morphological features of 
chironomid eggs (Armitage et al., 1995a). Miall (1895) summarised the variety of egg 
mass shapes exhibited by different subfamilies. Nolte (1993) demonstrated that only 
Telmatogetonidae laid single eggs, without the benefit of a gelatinous matrix. 
Chironominae eggs are predominantly arranged helically, whereas Tanypodinae eggs are 
arranged more irregularly in a more or less globular matrix. Orthocladiinae and 
Diamensinae eggs are produced in a ribbon-like mass (Armitage et al., 1995a). 
The larval stage is arguably the most important stage for the whole life of Chironomidae. 
This stage will determine the potential for adult reproduction and the ability of the larva to 
obtain sufficient energy to maintain the adult body and for gamete reproduction. Voltinism 
refers to populations exhibiting a variable number of generations per year. The number of 
generations per year varies within species and locality, ranging from one generation taking 
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as long as 5-7 years (Butler, 1982; Drake, 1982; Tokeshi and Pinclcr, 1986) through to as 
many as 7 generations per year (Learner and Edwards, 1966). 
Some species from the cold holarctic region take 2-3 years to complete their life cycle 
(Welch, I976). Orthocladiinae, which is considered to be a cold-adapted subfamily, is 
usually reported to have a multivoltine life cycle compared to the univoltine or bivoltine 
life history of the warm-adapted subfamily Chironominae (Armitage et al., 1995a). 
Figure 2.1: The life cycle of the non-hitiug midge (Chironomidac) 
Sourcc: http:; /images. googlc. cum imgres''imgurl http:, %vwv . ccu. cdu. au 
/chs/ccm/rescarcliiwctlands rescarch, 'midgcs, Midgc°025203. gii' 
The majority of chironomid species appear to demonstrate voltinism of' I or 2 generations 
per year. However, this probably reflects nothing more than the traditional research bias 
toward cold temperate regions. A study of 125 chironomid taxa (species were amalgamated 
in some cases) indicated that 331, (1, of taxi were univoltine (one generation), 44°0 were 
bivoltine (two generations) and 18% were multi voltirre (three or more generations). 
Voltinism in chironomids may be affected by many tactors including: latitude, which 
influences photoperiod and temperature, body size and habitat characteristics. 
Chironomidae at lower latitudes, in general, grow more rapidly and pass through more 
generations in a year. Chironomidae with a small body size also pass through more 
generations in a year than those with larger bodies. Small to medium sized taxa, such as 
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genus Nanocladius, Eukiefferiella, Tvetenia and Tanytarsus have been observed to have 
overlapping generations in a year, while large-bodied species such as Chironomus spp. 
generally have two generations (usually less) per year in cold temperate regions (Armitage 
et al., 1995a). 
2.6 The ecological importance and environmental factors influencing 
Chironomidae 
In natural ecosystems, chironomids play an important role in freshwater aquatic food-webs, 
especially as food for other macroinvertebrates. Their high production and ubiquitous 
occurrence means that at some stage in their life history they will contribute to the food of 
a wide range of both small and large predators. Chironomids have been recognised as food 
for a wide range of other invertebrates e. g. Crustacea (Reymond and Lagardere, 1990), 
Odonata (Foslom and Collins, 1984), Plecoptera (Peckarsky et al., 1990), Trichoptera 
(Edington and Hildrew, 1981), Ephemeroptera (Soluk and Clifford, 1985) and Hirudinae 
(Young and Spelling, 1989). In addition, chironomids are also food for many fish species 
(Sprahamian, 1989; Kelly-Quin and Bracken, 1990; Rassmussen, 1990; Mann and 
Blackburn, 1991), for birds (St. Louis, et al., 1990; Austin et al., 1990; Giles, 1990), bats 
(Griffiths and Gates, 1985) and even humans (Armitage et al., 1995b). 
A wide range of physical and chemical characteristics has been reported to influence 
Chironomidae in springs. Blackwood et al (1995) concluded that the physical structure of 
the habitat had the greatest influence on the taxonomic composition of emerging 
Chironomidae. Ferrington (1987) and Ferrington et al (1995) by contrast, demonstrated a 
high degree of microhabitat specificity among chironomid larvae in Big Spring in Western 
Kansas. However, a number of studies have suggested high variability in species habitat 
preferences, dependent on the spatial scale of analysis (Mattson et al., 1995; Anderson and 
Anderson, 1995; Hayford et al., 1995; Webb et al., 1995). Williams and Williams (1998) 
have summarised Chironomidae taxa recorded in a variety of spring types in North 
America (Figure 2.2). 
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2.6.1 Substratum characterisation 
Many studies have identified the nature of the substratum as an important factor 
influencing the pattern of chironomid distribution and community structure (Lindegaard- 
Petersen, 1971; Mackey, 1977; Ruse, 1994; Hawtin, 1998; Smith and Wood, 2002). 
However, many species are adapted to a variety of substrata (see Figure 2.2). The type of 
substratum available for colonisation in aquatic habitats may be broadly classified on a 
continuum from hard rock to soft sediment; and from submerged wood to aquatic plants 
(Pinder, 1986). Figure 2.2 clearly indicates the presence of Chironomidae larval within a 
variety of habitat types, even though family level identification results in an underestimate 
of the true extent of their diversity and distribution. 
Williams and Felmate (1992) have summarised the major divisions of Chironomidae and 
typical habitats in which they are found (Table 2.3). Ruse (1994) reported micro 
distribution was principally related to a temporal gradient of water depth, current and 
substratum heterogeneity. Some taxa display almost exclusive preferences for particular 
substratum types, for example Cricotopus species live in periphyton and Harnischia 
species live in shifting sand (Rossaro, 1992). Soft sediments (silt-sand) and gravel have 
been much more intensively studied than hard rock surfaces, primarily because of the 
relative ease with which quantitative samples can be obtained. Rock and gravel substrata 
are usually dominated by species of Orthocladiinae and Diamesinae, whereas finer 
sediments (sand and silt) are dominated by the subfamily Chironominae and Tanypodinae 
(Pinder, 1986). There is also evidence that many chironomids are opportunistic, so that 
their responses to different environmental factors are often difficult to predict (Rossaro, 
1992). In general, a strong correlation has been found between the organic matter content 
in sediments and the density of most Chironominae and Tanypodinae, although interactions 
between environmental factors may serve to obscure the true relationships (Vodopich and 
Cowell, 1984). 
2.6.2 Aquatic plants 
The presence of vegetation in aquatic ecosystems results in a substantial increase in the 
surface area available for colonisation. Boerger et al (1982), found that the surface area of 
macrophytes was between 5 to 10 times greater than that of the riverbed. Few studies have 
demonstrated a positive relationship between the presences of macrophytes with 
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Diptera Ephydridae, Chironomidae, Stratiomydae, 
Simuliidae, Ceratopogonidae 
Coeloptera Dytiscidae, Hydrophylidae 
Odonata Coenagionidae, Libellulidae 
Nematoda Pritchard, 1991 
Ostracoda Tuxen, 1944 
Gastropods Hayford et. a1.1995 
PERMANENT THERMAL (a 35°C) SPRINGS 
Gastropoda 
Amphipoda 
Trichoptera 
Bivalvia 
Oligochaeta 
Diptera-Chironomidae 
Turbellaria 
Plecoptera-Nemouridae 
Ephemeroptera 
Webb et al. 1995 
Gooch & Glazier, 1991 
Tilly, 1968 
Odum, 1957 
PERMANENT COLD SPRINGS IN NON-GLACIATED REGIONS 
Plecoptera - Nemouridae 
Diptera - Chironomidae 
Trichoptera Williams & Hoggs, 1998 
Acari 
Amphipoda Williams & Williams (unpubl. ) 
Ostracoda 
PERMANENT COLD SPRINGS IN GLACIATED 
REGIONS 
Diptera - Chironomidae 
Ostracoda Williams & Williams (unpubl. ) 
Copepoda 
Bivalvia 
[Plecoptera - Nemouridae 
Trichoptera 
Acari 
Oligochaeta 
Diptera - Ceratoponidae 
Nematoda 
TEMPORARY COLD SPRINGS 
Diptera - Ephydridae 
Amphipoda 
Bivalvia 
Coleoptera 
Nematoda 
Diptera - Culicidae, Chaoboridae, Tabanidae 
Webb eta!. 1995 
PERMANENT BRACKISH WATER SPRINGS (*17,000 ppm TDS) 
Diptera - Ephydndae, Chironomidae 
Hemiptera - Saldidae 
Coleoptera - Hydraenidae Ring, 1991 
PERMANENT SALINE SPRINGS (>35,000 ppm TDS) 
Figure 2.2: Summary of dominant invertebrate taxa known to occur in a variety 
of spring types in North America. (Source: Williams and Williams, 1998) 
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the abundance and distribution of Chironomidae (Barber and Kevern, 1973; Driver, 1977; 
Moore, 1980). Various patterns of microdistribution of Chironomidae have been described 
within macrophyte habitats (Drake, 1982). Even though the macrophyte surface area is five 
to ten times greater than that of the riverbed, it has been estimated that plants only harbour 
30% to 40% of the total chironomids within the water body (Boerger et at., 1982). Tokeshi 
and Pinder, (1985) demonstrated that the micro distribution pattern of chironomids was 
strongly influenced by the morphology of macrophytes. 
A number of individual Orthocladiinae and Chironominae taxa are plant tissues borers. 
Five species were found mining in different parts of the yellow water lily, Nuphar lutea 
Smith (van der Verlede and Hiddink, 1987). They also divided Chironomidae into three 
categories based on their association with plants: obligate phytophages which feed on 
living plant tissues, seston eaters which filter feed in tubes and but can also consume plant 
tissue, and facultative phytophages which use plant tissue for making a retreat to live in. 
Other taxa such as Cricotopus trifasciatus (Panzer) have been recorded in association with 
aquatic plants because they eat living plant tissue in their third and fourth instars 
(Williams, 1991). 
Generally, most of the species living on Ranunculus calcareous, a common macrophyte in 
flowing water also occur on gravel (Williams, 1991). Therefore, it can be assumed that 
submerged plants and gravel fulfil similar ecological functions. They both provided a firm 
substratum and highly oxygenated conditions. This also allows diatoms, which have been 
identified as a major contributor in the diet of Orthocladiinae, to grow in abundance 
(Armitage et al., 1995a). The distribution of Chironomidae in relation to substratum type 
was studied by Pinder (1986). Orthocladiinae were frequently recorded on the aquatic 
plant, Ranunculus penicillatus var. calcareous (Pinder, 1986). 
2.6.3 pH and dissolved oxygen 
Many aquatic animals experience difficulties with calcium regulation at a pH lower than 
5.5, and sodium regulation below pH 5.0 (Havas, 1981). Chironomids have typically been 
recorded tolerant to the pH values ranges from 6.0 to 9.0 (Pinder, 1986). Only the 
Chironomini have been recorded to tolerant low pH, and tolerance to acidic conditions 
appears to be related to body size (Weiderholm and Eriksson, 1977). The ability to survive 
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Table 2.3: The major subdivisions of Chironomidae and their habitat 
preference (after Williams and Felmate, 1992) 
Subfamily Tribe Habitat 
Tanypodinae Coelotanypodini Littoral zone of ponds and lakes 
(lentic) 
Macropelopiini Streams and rivers (lotic), some lentic 
littoral and rofundal 
Natarsiini Fast flowing water 
Pentaneurini Fast flowing water, lentic littoral, a 
few ho etric 
Tanypodini Lentic littoral 
Podonominae Boreochlini Fast flowing water, lentic littoral, esp. 
cold water 
Podonomini Fast flowing, cold water 
Telmato etoninae Saltmarshes and tide pool, estuaries 
Buchonomiinae Unknown, but probably in rivers in 
Oriental and Palaeartic regions 
Diamesinae Boreohe to ni Cold, fast stream 
Diamesini Fast flowing, cold water, springs 
Protanypini Profundal zone lake 
Prodiamesinae Fast flowing water. Often in detritus 
Orthocladiinae Clunionini Marine, rocky shores 
Corynoneurini Lotic fast and slow water, lenthic 
littoral 
Metriocnemini Wide range of lentic and lotic habitats, 
including springs, pitcher plants, dung, 
interstitial, marine intertidal and semi- 
terrestrial. 
Orthocladiini Wide range of lentic and lotic habitats, 
includin marine and intertidal 
Chironominae Chironomini Lentic, littoral/profundal, slow lentic, 
especially on sandy substrate and 
associated with aquatic macro h es 
Tanytarsini Lotic fast and slow water, lentic 
littoral, occasionally in brackish water 
Chilenomyiinae Unknown, restricted to Chile 
Lentic and lotic in S. Hemisphere, esp. 
Aphroteniinae in sandy area overlain with FPOM, 
also swift mountain stream. 
Note: FPOM = Fine particulate organic matters 
at a lower pH may be enhanced by the buffering capacity of hemoglobin present in the 
hemolymph of all Chironomini (Jernelov et al., 1981). 
Many chironomids are able to tolerate low dissolved oxygen concentrations. This is also 
related to the presence of haemoglobin in the haemolymph (finder, 1986). Some 
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Chironomidae have been reported to have specific behavioural adaptations, which enabled 
them to tolerate low oxygen levels. For example, Chironomus dorsalis larvae have been 
reported to extended their tube as much as 20 millimetre above the sediment surface to 
access higher dissolved oxygen levels (Pinder, 1986), whereas other species are reported to 
extend the time spent pumping water through their larval tube to enable them to take up 
more dissolved oxygen (Konstantinov, 1971). Diamesini are less tolerant than Chironomini 
to shortages of dissolved oxygen and/or elevated water temperature (Rossaro, 1992). 
2.7 Crenobiology (Spring Ecology) 
Springs have been studied for nearly 100 years, and information about the invertebrate 
communities recorded within springs is scattered throughout both the systematic and 
ecological literature. Springs have been identified as features that could aid the 
advancement of community ecology in a number of ways. For example, their communities 
are less complex than those found in most other aquatic habitats, yet they demonstrate, as 
far as it known, most of the structural and functional properties seen in other lotic 
communities (Lindegaard, 1995). In addition, the natural variation in community structure 
and function would be an ideal testing ground for questions regarding trophic efficiency, 
predator-prey dynamics, and competition, particularly as the more extreme habitats have 
very simple community structure (Williams and Williams, 1998). Springs may provide 
ideal habitat island models for experimental analysis of the metapopulation dynamic 
theory. This is true if meta population is defined as a system of spatially isolated 
subpopulations (or patch) where individuals interact more strongly within patches than 
between patches (Hanski, 2001). 
Spring sources (the eucrenon) are of three broad types; i) helocrene, ii) limnocrene and iii) 
rheocrene (Armitage et al., 1995b) (see Table 2.2 for definition). In spite of the range of 
physical conditions, a distinctive crenal fauna has been widely recognized (Armitage et al., 
1995a). The potential of spring communities for monitoring groundwater is increasingly 
being recognised by ecologists (van der Kamp, 1995; Notenboom et al., 1997; Sarkka et 
al., 1997; Wood et al., 2002; Wood et al., 2005). Williams et. al., (1997) suggested that 
biological monitoring could and should be applied to the groundwater contamination 
studies. 
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Mallard et al., (1996) found strong relationships between contamination and groundwater 
invertebrate community structure. Danks and Williams (1991) proposed invertebrate fauna 
from freshwater spring sources (points of groundwater emergence) could be used for 
monitoring and assessing groundwater quality. This would overcome the difficulties of 
access to true groundwater and its fauna. Some of the classic crenobiological studies, 
focused on either the entire invertebrate community or species individually (e. g. Berg, 
1951; Sloan, 1956; Minshall, 1967; Lindegaard et al., 1975; Resh, 1983; Glazier, 1991; 
Erman and Erman, 1995; Wagner et al., 1998). 
Smith (2000) summarised crenobiological studies into several groups such as research on 
rare and endemic spring dwelling macroinvertebrates, invertebrates community spatial 
distribution within single springs and temporal studies. Only a small number of 
crenobiological studies focuses on Chironomidae (Ladle et al., 1985; Ferrington, 1987, 
1998; Colbo, 1991; Blackwood et al., 1995) and very little crenobiological research has 
been undertaken in the United Kingdom to date. 
2.8 Biomarkers and biological indicators 
Non-biting midge larvae have several advantageous characteristics for biological 
monitoring purposes ( Dickman and Rygiel, 1996; Watt and Pascoe, 2000; Mousavi et al., 
2003), such as a variable life span, a wide range of responses to pollutants, they are visible 
with naked eye and have a global distribution (Hellawell, 1986; Rosenberg and Resh, 
1993). Consequently, they may be expected to be useful as indicators of water quality 
(Pinder, 1977). In addition, a broad literature on Chironomidae tolerances to pollution, 
responses to contaminants, and their use as indicator of water quality exists (e. g. 
Brinkhurst, 1974; Armitage, 1980; Kawai et al., 1989; Warwick, 1991; Johnson et al., 
1992; Meregalli et al., 2000; Seire and Pall, 2000; Mousavi et al., 2003; Choi and Roche, 
2004). 
The presence and/or abundance of individual species depend on their interaction with the 
environment. Stresses within the ecosystem can change species diversity, biomass and the 
structural complexity of a community (Moriarty, 1983). The resulting changes recorded at 
the population/species or community level can be used to identify bioindicator species 
(Rosernberg and Resh, 1993). The Trent Biotic Index (TBI) and Biological Monitoring 
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Working Party (BMWP) and their derivatives are widely used in Europe and North 
America to monitor organic pollution at the community and population level (Roserberg 
and Resh, 1995). Several ecological indices for pollution assessment using used 
Chironomidae as indicators have been developed, e. g. Chironomidae Community Index 
(Ferrarese and Bertocco, 1955), Beck's Biotic Index (Beck, 1955) and the Chironomid 
Community Response index (Warwick, 1991). The fundamental discussion of lake trophic 
classification and eutrophication using chironomids has been outlined and described in 
detail (see Armitage et al., 1995a for overview). Profundal chironomid fauna have been 
used to evaluate lake productivity and classification (Wiederhom, 1983) and Brinkhurst 
(1974) summarized different trophic lake types. Stream classification using Chironomidae 
has been undertaken by a number of researchers including Cushing et al., (1983) and 
Minshall and Petersen, (1985) to evaluate environmental pollution. Chironomidae have 
been used in toxicity testing including chronic and acute tests (Hamer et al., 1999; Malloy 
et al., 1999; Bervoets and Blust, 2000; Meier et al., 2000). At a lower biological resolution, 
biomarkers such as deformities associated with individual organisms can be use as the 
endpoint of biomonitoring programmes (Rosenberg and Resh, 1993). 
Morphological responses may reflect changes in environmental quality (contamination) 
resulting in increased rates of deformity (e. g., asymmetric mouthparts and/or antennae) 
within arthropod populations. Individual chironomid deformities are thought to be 
responses to anthropogenic pollutants (Lenat, 1993). Morphological deformity potentially 
provides a more specific evaluation of the biological impact of contaminants than changes 
in community structure which may reflect both natural and anthropogenic stresses. 
Morphological deformities, as a result of a number of different heavy metals have been 
reported (e. g. Martinez et. al., 2001,2002,2003). Martinez et al (2002) demonstrated a 
positive correlation between Pb, Zn, Cu, As and Cd concentrations in sediments and degree 
of deformity. In addition, it has been suggested that chironomid deformities should be used 
as biological indicators for heavy metal pollution (Martinez et al., 2003; Marques et al., 
2003). 
Warwick (1991) measured the effect of contamination stress on the ligulae and antennae 
structure of chironomid larvae and demonstrated a relationship between chemical and 
biological data. Servia et al (2000) and Janssen de Bisthoven and Gerhardt (2003) reported 
a clear relationship between contaminant(s) concentration and morphological deformities. 
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Further detailed discussion regarding morphological deformities within larval 
Chironomidae populations is outlined in Chapter 8.1. 
2.9 Summary 
This chapter has provided an overview of groundwater/spring ecosystem with regards to the water quality of 
White Peak, Derbyshire, UK. The review examined previous research that has been undertaken within the 
limestone area. The discussion was expanded to cover potential sources of contamination in spring 
ecosystems. Heavy metals transport and contamination in water, chironomids and sediment in spring 
ecosystems was also discussed. This chapter outlined Chironomidae (Diptera midge) life cycle, taxonomic 
hierarchy and its subdivision, biodiversity and biogeography and its ecological importance in spring 
ecosystems. Chironomidae biodiversity in springs (regionally and locally in UK White Peak) was discussed 
in detail including the history of `crenobiology'. The main environmental factors that influence the 
biodiversity and distribution of Chironomidae in springs were discussed. It is obvious that information of the 
Chironomidae biodiversity in the UK White Peak area is very limited due to the lack of previous research and 
a checklist of all historic studies in the White Peak presented. The potential of Chironomidae larvae as 
indicators at the population level (biological indicator) and individual species level (biomarker) was 
discussed. The next chapter will describe in detail the of study area and elaborate on the physical 
characteristics of each spring included in the study. 
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CHAPTER 3: STUDY AREA 
3.1 Introduction 
In Great Britain a great diversity of limestone occurs, with major formations deposited 
during the Carboniferous (approximately 350 million years ago) Permian (248 million 
years ago) Jurassic (144 million years ago) and Cretaceous period (65 million years 
ago). The rocks are primarily composed of microscopic fossils of plants and animals 
that lived in warm shallow seas. The limestone deposited during the Carboniferous 
period, of Dinantian age, outcrops extensively in northern England, North and South 
Wales, the Mendip Hills and the Peak District (Figure 3.1). The Carboniferous 
limestone contains the most extensive and highly developed underground drainage 
networks in England and Wales (Gunn and Lowe, 1994). The limestone outcrops are 
large enough to constitute significant contiguous groundwater aquifers in some areas 
(Gunn et al., 1998). The Carboniferous limestones have long been renowned for their 
extensive cave passage systems. Although Dinantian limestone also occurs elsewhere, 
many of these outcrops are scattered and broken and this has inhibited the development 
of large integrated underground drainage systems (Gunn, 1994). As water flowed 
through limestone cracks and fissures, caverns have been formed. Reviews of carbonate 
cave formations are available in White (1976), Hill and Forti (1986) and Ford and 
Williams (1989). The most important areas for both surface and underground karst 
landforms in the UK are the Yorkshire Dales, The Peak District, The Mendip hills, 
South Wales (including The Forest of Dean) and North Wales (Gunn, 1994). 
3.2 The Peak District 
The Peak District National Park is located in north central England with the majority in 
the county of Derbyshire and extending into west and south Yorkshire, Cheshire, 
Staffordshire and Greater Manchester. The Peak District National Park was the UK's 
first National Park when it was designated on the 17`h April 1951. It covers 1438 square 
kilometres (555 miles2) at the southern tip of the Pennines. The term `White Peak' 
refers to that part of the Peak District underlain by limestone and is approximately half 
of the area. The White Peak ranges in altitude from 275 m to 450 m and is devoid of 
residual hills. The pale colour of the limestone has given rise to its name, the White 
Peak. The Peak District is one of the most diverse of the British National Parks and 
characterised by its geologically contrasting landscape (Anderson and Shimwell, 1981). 
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Within the boundaries of the White Peak many typical karstic features occur including: 
dolines, dry valleys, swallow holes, caves and springs. In contrast, the Dark Peak to the 
north, west and east is underlain by Millstone Grit, producing a marked dip and slope 
topography (Harisson, 1981). The climate of the region is temperate, with mean annual 
rainfall of c. 1200 mm. The area has an average January air temperature of 1.7°C and a 
mean July temperature of 14.5°C, with annual air temperature of 8.0°C (Smith et at., 
2003). 
3.3 Hydrology of the White Peak 
The limestone outcrop within the White Peak is sufficiently large and contiguous to 
form extensive groundwater aquifers (Gunn et al., 1998). Within the region, a large land 
area devoid of surface drainage combined with a relatively high effective precipitation 
suggests that a well developed underground subterranean drainage system exists. The 
hydrology of the area has, however, largely precluded the development of the vertical 
potholes and caves that are common in other limestone areas such as the Yorkshire 
Dales (Gunn, 1994). The White Peak valleys are thought to have originated on an 
impermeable cover and been superimposed onto the limestone. Their desiccation was 
probably the result of a gradual karstification of drainage, aided by lowering of the 
regional water table as a consequence of down cutting by rivers (Gunn and Lowe, 
1994). Karst areas are frequently devoid of surface rivers, but have an abundance of 
springs and resurgences at structurally or lithological controlled points within the 
limestone (Christopher and Wilcock, 1981). The River Wye and River Dove are two 
main tributaries of the River Derwent, which flow through the limestone area 
(Christopher et al. 1977). The River Wye is approximately 32 kilometres long and is the 
longest of the River Derwent's tributaries (Figure 3.2). The River Wye is located in the 
northwestern part of the White Peak, rising on Axe Edge above Buxton and flows 
eastwards through Buxton and Bakewell to join the River Derwent at Rowsley. The 
River Derwent itself is major tributary of River Trent, draining a large proportion of the 
county of Derbyshire. A third major river system, the Hamps-Manifold, is intermittent 
during the summer months over much of the limestone. The River Lathkill is the only 
major river with its origins within the limestone itself and is thought to discharge only 
autogenic water (water that has only had contact with carbonate rocks as distinct from 
allogenic water that originates on non-carbonate lithology (Wood et al., 2005) 
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Figure 3.2: The White Peak of Derbyshire and location of sixteen springs included 
in this study ( source: Gunn et al., 1998) 
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3.4 Springs of the White Peak area 
A total of 127 springs, either permanent or intermittent, are known to exist in the 
Carboniferous limestone outcrop, and of these at least 85 springs are located within the 
Wye sub-basin (Gunn, 1998). Some of the ephemeral tributaries in the Wye Valley are 
fed by the intermittent springs during the winter and early spring (November - April), 
but are normally dry for a large part of the year. Perennial springs (active all year round) 
are shallow and slow flowing or very fast flowing and become springbrook streams over 
rocky channels. 
Sixteen springs were chosen for investigation in this study, of which 11 represent 
perennial coldwater springs (temperature range: 7.6°C - 11.3°C), 1 thermal spring 
(temperature range: 14.1'C - 17.7°C), 1 semi-themal spring (temperature range: 8.10 
°C - 17.7°C) and 3 ephemeral springs (temperature range: 7.7 °C - 12.3°C)) (Figure 
3.2). Stoney Middleton (Si) and Tricket Sough are categorised as thermal springs and 
semi-thermal spring because their mean annual water temperature (16.87°C and 
12.12°C respectively) are significantly above the mean-annual air temperature (8°C) of 
the region. Various definitions for thermal springs have been proposed by researchers 
and summarised by Pritchard (1991). The selection of various types of springs was 
utilised in this study to ensure that data gathered was representative of the true 
Chironomidae biodiversity within the study area. It is anticipated that the environmental 
factors influencing the larval Chironomidae distributions and diversity of taxa will be 
indentified. 
Five of the springs: Bradwell (S2), Tricket Sough (S3), Peak Cavern (S4), Slop Moll 
(S5) and Russet Well (S6) are located near the source of the River Derwent, between 
Castleton and Bradwell. Four springs are located within the source area of the River 
Wye: Buxton Ephemeral (S7), Wye Head (S8), Otter Hole (S9) and Golf Ball Rising 
(S 10) within the town of Buxton. The remaining springs are located along the River 
Wye, between Buxton and Bakewell: Litton Mill (S 11), Millerdale (S 12), Lees Bottom 
(1)(S13), Lees Bottom (2)(S14), Lees Bottom (S 15), and Great Shacklow (S16) (Table 
3.1). 
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3.5 Ecology of springs in White Peak 
Generally, springs exhibit thermal stability throughout the year, and may represent a 
highly stable ecological environment (Williams, 1991). However, such stability is not 
unique to all springs. Temperature, chemical composition, suspended solids content and 
discharge may all exhibit gradual and/or sudden variability (van Everdingen, 1991; 
Mahler and Lynch, 1999; Vesper and White, 2003). This stability is a very important 
characteristic in order to understand the biodiversity of aquatic invertebrates within 
spring ecosystems. The eucrenal zone (< Im from the point of groundwater emergence 
source) exhibits markedly different environment characteristics to other freshwater 
ecosystems and normally contains a limited number of macroinvertebrates species of 
diverse origin, and a substantial number of spring-specialist species, many of which are 
distinctive genera (Smith et al., 2001). Thus, fluctuation in population diversity is 
presumably the result of biotic interactions, such as life history, traits and community 
interactions (Varza and Covich, 1995). 
According to the National Vegetation Classification published by NVC texts (Eades and 
Tratt, 2003), there are five broad categories of vegetation types associated with the 
springs and seepages within the Peak District dales; i) alkaline fen (short sedge mire 
vegetation), ii) petrifying springs with tufa formations, iii) rocky springs with sparse 
vegetation iv) fen meadow and v) tall-herb fen vegetation (Eades and Tratt, 2003). 
Ephemeral springs and seepages have no associated wetland vegetation, perennial 
springs (active all year round) supported a range of vegetation types, including stands of 
short sedge fen and fen meadow vegetation types. Fast flowing perennial springs 
support very little associated wetland vegetation, limited to a few mosses and liverworts 
upon rock surfaces (Eades and Tratt, 2003). 
There have been relatively few studies published regarding the aquatic invertebrate 
communities within the limestone of the English Peak District (Table 3.2). Most of the 
studies are based on macroinvertebrate diversity in limestone springs and the factors 
influencing their distribution. Within most of this work, Chironomidae are only 
considered at the family level (Table 3.2). Only one study has been undertaken which 
measured the biodiversity of Chironomidae in White Peak (Gunn et al., 2000). This 
indicates the limitations of the information on Chironomidae biodiversity within the 
White Peak and the importance of research to be conducted in this area. 
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Table 3.2: Checklist of previous studies have been taken in springs 
Area Title/Summary Authors 
Wye Valley, The macroinvertebrate communities of 
Derbyshire, limestone springs in the Wye Valley, Smith et al., 2001 
Peak District, Derbyshire Peak District, UK 
UK 
English Peak The impacts of pollution on aquatic 
District invertebrates within a subterranean Wood et al., 2002 
ecosystem-out of sight out of mind 
Derbyshire, UK Flow permanence and macroinvertebrate Smith and Wood, 
community variability in limestone spring 2002 
systems 
Peak District The influence of habitat structure and flow 
National Park, permanence on invertebrate communities in Smith et al., 2003 
England karst spring systems 
Derbyshire, The invertebrates community of the Peak- 
England Speedwell cave system, Derbyshire, Gunn et al, 2000 
England-pressures and consideration for 
conservation management 
English Peak Flow permanence and macroinvertebrates 
District community diversity within groundwater Wood et al. 2005 
dominated headwater stream and springs 
3.5.1 Characteristics of spring sample sites 
The section below outlines the physical and chemical characteristics of the springs 
examined in this thesis. Physical characteristics of each spring are described and 
summarised in Table 3.1. A photograph of each spring is also provided in Appendix 3.1 
and some photographs also presented below. The results and discussion below includes 
data from 16 springs. The Buxton Ephemeral spring (S7) was only sampled once 
during 12-month study period because it was dry on most sampling occasions. It is 
important to note that individual spring's physical characteristics were visually 
examined and described using general terms. 
Stoney Middleton 
The Stoney Middleton spring is a perennial thermal spring (marked as S 1), with a mean 
water temperature of 16.8 °C, and is located in sparse woodland in the village of 
Stoney Middleton. The spring contained a large amount of allochthonous detritus 
(coarse particle organic matter > 0.5mm due to the surrounding woodland vegetation), 
which provides food resources and creates valuable habitat for benthic invertebrates 
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(Smith, 2000). The substratum is primarily composed of cobbles and gravel, which may 
be covered by silts. It is characterised by relatively constant flow and water level 
throughout the year and typical values were presented in Table 3.3 and detailed in 
Appendix 5.1 (see photo in Appendix 3.1). 
Bradwell Spring 
Bradwell (S2) is a perennial spring located in an open area within a residential area of 
the village of Bradwell. Coarse sand and gravel are the primary substrate along with the 
submerged macrophyte Ranunculus sp., which covered approximately 90% of the 
water surface during summer and autumn months. Ranunculus sp. dominated the 
eucrenal zone and extended downstream into the hypocrenal zone. The mean flow 
velocity at source was 35.0 ± 33.58 cm s'1 and depth ranged from 3.5 to 16.5cm. A 
concrete and stonewall has been built at the head of the spring to protect from erosion 
especially during high flow, and as an ornamental feature in the residential area. The 
spring is shown in Photograph 3.1. 
Photograph 3.1: Bradwell spring (S2) clearly indicating Ranunculus 
dominating the source area. 
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Tricket Sough 
Tricket Sough (S3), is located in the village of Castleton. It is a perennial spring that 
drains an old lead mining area. This spring emerges from a small constructed opening 
and joins another small stream approximately 1.5 m further downstream (see Appendix 
3.1). It has limited shading from surrounding vegetation in the form of a hedge. The 
primary substrate is cobble and gravel and with variable silt content at the surface 
depending on flow. A brown biofilm was observed precipitate on the substrate surfaces 
on some sampling occasions, possibly associated with historic lead mining activities. 
The width of the eucrenal zone was 0.5m and the mean flow velocity was 79.3 cm s'1, 
although this was highly variable throughout the year. 
Peak Cavern Rising 
Peak Cavern Rising (S4) emerges from Peak Cavern and is characterised by marked 
fluctuations in water level throughout the year. Coarse sand and gravel form the 
majority of the substrate. This spring has little vegetation cover and only receives 
limited amounts of leaf litter (allochthonous coarse particulate organic matter). The 
mean flow velocity in the eucrenal zone during the study period was 27.2 ± 30.95 cm s- 
1 (see Appendix 3.1). 
Slop Moll 
Slop Moll (S5) is located approximately 50 m from Peak Cavern Rising but receives 
water from a different groundwater source (Speedwell Cavern). Sand and gravel are the 
primary substrates, with green algae (Chlorophyta) forming a thick layer over the 
substratum during the summer period. Like Peak Cavern Rising, this spring experiences 
rapidly fluctuating water levels. The flow velocity is particularly high during the winter 
period but becomes very slow and shallow during the summer months. The average 
flow velocity for Slop Moll was 63.8 cm s". The springbrook is typically lm wide 
along its length (see Appendix 3.1). 
Russet Well 
Russet Well (S6) is a perennial spring, which exhibits markedly different 
characteristics to the other coldwater springs in the White Peak. The water emerges 
vertically from deep underground (> 3m depth) and the benthic substrate could not be 
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observed. This type of spring is sometimes referred to as a `boiling' spring since the water 
rises vertically and creating turbulence. Aquatic plants were only observed growing at the 
edge of the spring and flow velocity could not be measured accurately because of the 
turbulence associated with the rising water. This spring is approximately 1.5 m wide and 
the springbrook only 2.5 m long (Photograph 3.2). 
Buxton Ephemeral 
The Buxton Ephemeral spring (S7) is located in a sheep (livestock) grazing area, (see 
Appendix 3.1). This intermittent spring is characterised by a silt substrate with water 
almost stagnant during the preliminary and first sampling period. This spring is suspected 
to drain into the River Wye. The closest spring to the Buxton Ephemeral spring is Wye 
Head (the source of River Wye), located at a lower elevation. 
Photograph 3.2: Russet Well Spring (S6) typical of a" boiling spring" 
Wye Head 
Wye Head (S8), is reputedly the source of the River Wye, and is a perennial spring. This 
spring is shaded by large trees and does not receive direct sunlight. Cobbles and gravel are 
the primary substrate with mats of aquatic moss (Bryophyta) of the genus Fontinalis sp. 
attached to some substrate surfaces. Water emerges between two big boulders and flows 
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permanently to create a long springbrook. The eucrenal zone width is approximately I m, 
but increase over 1.5m wide within the springbrook. The average flow velocity value was 
76.9 cm s1 (see Appendix 3.1). 
Otter Hole 
Otter Hole (S9) is a perennial spring located in an area used to rear livestock, particularly 
sheep. Cobbles form the primary substrate, which support high densities of aquatic mosses 
(Fontinalis sp. ) forming mats on the surfaces. The spring emerges between two boulders 
and has strong flow throughout the year with an average flow velocity of 80.3 ± 48.29 cm 
s"1. This spring has a large springbrook approximately 15 m long and 3m wide and is not 
shaded by any surrounding vegetation (see Appendix 3.1). 
Golf Ball Rising 
Golf Ball Rising (S10) is a perennial spring located on Cavendish golf course in Buxton, 
approximately 100 m from Otter Hole spring (S9). The substrate is primarily composed of 
sand and gravel with abundant organic material. On some occasions the water body 
contains organic debris that originates from the management of surrounding vegetation 
(grass cutting on the golf course). Water emerges from an unshaded culvert and creates a 
small springbrook ecosystem. The eucrenal and hypocrenal zones are both approximately 
0.5m wide. Flow velocity fluctuates considerably throughout the year with an average flow 
velocity of 86.10 cm s'' (see Appendix 3.1). 
Litton Mill 
Litton Mill spring (S 11) is located close to the River Wye and is an intermittent spring that 
contains water for most of the year but becomes dry at the end of the summer and autumn 
due to low groundwater levels (this spring was dry during September 2003 and November 
2003 sampling occasions). This spring is shaded by riparian trees, which cover 
approximately 50% of the spring. Cobbles and gravel form the primary substrate, although 
a thin layer of fine-grained sediments may precipitate on the substrate surface during low 
flows, but the spring does not support any aquatic plants. This spring has a narrow and 
short springbrook, approximately 0.5 m wide and 7.5 m long before joining the River Wye. 
The flow velocity increased considerably during January 2004 and was markedly lower on 
other sampling dates. The average flow velocity was 45.5 cm s-1 and ranged between 3.8 
cm S-1 to 163 cm s"' (Photograph 3.3). 
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Millerdale 
Millerdale (S12) is a small perennial spring, which is very shallow throughout the year. 
This spring is shaded (80%) by dense woodland. Sand is the primary substrate at the 
source, although cobbles and silt were present downstream. The eucrenal zone is very 
small approximately 0.3m width emerging from between two large boulders. The 
hypocrenal zone is short (approximately 3m long) before joining another small stream. 
This spring has a relatively constant flow velocity throughout the year with a mean of 10.0 
cm s'1 (see Appendix 3.1). 
Photograph 3.3: Litton Mill spring (S11), an intermittent spring clearly indicating 
the shallow water body. 
Lees Bottom 
Lees Bottom (S 15) is located in dense woodland at a higher elevation than the nearest 
springs, i) Lees Bottom 1 (S13) and ii) Lees Bottom 2 (S 14). This spring has a springbrook 
of about 80 m in length, which flows into the River Wye. This spring is heavily shaded 
(approximately 60 %). Sand is the primary substrate within the eucrenal zone, although 
gravels and cobbles are present directly downstream, and silts dominate approximately 15 
m downstream. Water level fluctuates throughout the year. Flow velocity averaged 9.3 ± 
8.08 cm s'1 and ranged from 2.5 cm s-1 to 17 cm s"1. During the summer and autumn, the 
water was very shallow and appears to become stagnant. Flowing water was not visible in 
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the springbrook on some occassions, although it remained wet throughout the year (see 
Appendix 3.1). 
Lees Bottom (1) and Lees Bottom (2) 
Lees Bottom (1) and Lees Bottom (2) springs (S 13 and S14 respectively) are both 
intermittent springs. The springs are located close each other in sparse woodland. Lees 
Bottom (1) is shaded by trees and its margins are clearly defined. In contrast, Lees Bottom 
(2) has less distinct margins and is very shallow. Cobbles and gravel are the primary 
substrate of Lees Bottom (2), whereas sand dominates Lees Bottom (1). Both of these 
springs are very shallow and the average flow velocity for Lees Bottom (1) and Lees 
Bottom (2) are 5.2 cm s-1 and 0.7 cm s-1 respectively (see Appendix 3.1). 
Great Shacklow 
Great Shacklow (S 16) is a perennial spring located on open grassland pasture and is used 
for grazing cattle (Photograph 3.4). The springbrook flows straight into a trout farm pond 
approximately 30 m downstream. The dominant substrates are cobbles, gravel and sand. 
Both the eucrenal and hypocrenal zones support high densities of aquatic mosses 
(Fontinalis sp. ). The average flow velocity within the spring was 16.2 cm s"I. 
, 
fir 
Photograph 3.4: Great Shacklow spring (S16), a perennial spring that emerges 
between the boulders and flows into a trout farm. 
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3.6 Summary 
This chapter has provided an overview of the hydrogeology and geography of the White Peak. A brief history 
of limestone formations was outlined. This chapter also outlined the ecology of springs in the White Peak 
area and finally described the physical characteristics of 16 springs involved in this study. The next chapter 
will describe the protocols for sampling and analysis of spring water, sediments and Chironomidae larvae. 
Data management and statistical analysis techniques utilised will also be outlined and discussed in the next 
chapter. 
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CHAPTER 4: METHODOLOGY 
4.1 Introduction 
This chapter describes the field based surveys and laboratory analysis undertaken as part of 
this research. The field surveys involved in situ measurement of springs water quality and 
sampling of water, sediments and the larval Chironomidae community for laboratory 
analysis. Results obtained from a pilot study led to the selection of the 16 springs (11 
representing perennial coldwater springs, three intermittent coldwater springs, one thermal 
spring and one semi-thermal spring) to be studied in further detail for a bimonthly 
sampling programme for water quality assessment (see Chapter 5) and larval 
Chironomidae biodiversity (see Chapter 6). Additionally, five of these springs were 
selected for monthly monitoring (Chapter 6). Three separate springs were chosen for: i) a 
detailed longitudinal study of the Chironomidae community along a springbrook ecosystem 
(see Chapter 7) and ii) detailed zinc (Zn) contamination and larval Chironomidae mentum 
deformity assessment (see Chapter 8). 
Laboratory work involved water quality analysis, Chironomidae larvae identification and 
the examination of larval mouthpart deformities. In addition, sediments and chironomids 
were collected from selected sites for the extraction of trace metals. This chapter also 
discusses the selection of suitable statistical techniques for the analysis of the data and 
biological diversity indices to be used to measure and quantify the relationships between 
biological data and environmental parameters. 
4.2 Sampling approach. 
Three different scales of sampling were adopted for the period covering July 2003 to June 
2004 encompassing the four main seasons in UK. Sampling was planned based on the 
study objectives (refer to Chapter 1.3) to assess the spring ecosystem quality and temporal 
and spatial Chironomidae larvae community biodiversity within the springs of the White 
Peak. 
39 
4.2.1 Macro-scale sampling programme 
A macro-scale sampling programme was undertaken to examine the variability of spring 
water quality and Chironomidae community diversity over a year (winter, spring, summer 
and autumn seasons) spatially across the White Peak. The sampling programme conducted 
involved the sampling of 16 springs on a bimonthly interval for a 12-month period (2003 
July - 2004 June). A checklist of the springs sampled in this study and general 
characteristics of each are presented in Chapter 3.5.1. 
4.2.2 Meso-scale sampling programme 
Meso-scale sampling was undertaken at five springs to establish the temporal water quality 
variability and Chironomidae distribution within springs. The sampling programme 
involved monthly sampling of a sub-set of 5 springs from the 16 springs used in the macro 
scale survey (one thermal spring, three perennial springs and one intermittent spring). It 
was hypothesised that this monthly sampling programme would provide a better 
understanding of variations in water quality and biodiversity, which could aid in 
understanding the complexity of spring ecosystem functioning. Stoney Middleton (S 1) was 
selected because it is a thermal spring (with a mean water temperature of 16.8°C). 
Bradwell spring (S2) and Otter Hole (S9) are springs that support high densities of 
submerged aquatic plants. Litton Mill (S I I) is an intermittent spring; and Lees Bottom 
(S 15) is a spring with a minerogenic substrate. 
4.2.3 Micro-scale sampling programme 
A third sampling program was devised to i) longitudinally sample one spring (Lees Bottom 
-S 15) from the source, and along the springbrook and ii) spring contamination (Tricket 
Sough - S3) and reference site (Otter Hole - S9). For the first micro-scale programme, a 
total of six sampling sites were sampled between spring source to the end of the 
springbrook, which was approximately 60m long. This sampling was undertaken to assess 
Chironomidae distribution from spring source (point of emergence) along the springbrook 
with regard to habitat preferences. Three different types of habitat characterised the spring, 
i) sandy and minerogenic at the spring source, ii) cobbles and gravel at the middle of 
springbrook and iii) silt and clay at the rest of the sites (three sites further downstream). 
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The second micro-scale sampling programme was undertaken at Tricket Sough spring (S3) 
and the reference site Otter Hole spring (S9). Sampling was only undertaken at the spring 
source (eucrenal zone) to examine heavy metal contamination. Six regular bimonthly 
measurement were taken for in situ measurements of physical spring water quality, 
sediments and larval Chironomidae. Spring water and sediment samples were collected for 
physical and chemical analysis, and larval Chironomidae samples were collected for 
taxonomic identification. Three additional samples of Chironomidae larvae were collected 
for Zn concentrations analysis. Similar sampling activities were undertaken at reference 
site (Otter Hole - S3). 
4.3 Water sampling and measurements 
4.3.1 Sampling period and frequency 
Sampling was undertaken over the 12-month period (July 03 - June 04) from 16 springs. 
Sampling was planned for a 12-month period in order to examine the detailed pattern of 
variability of water quality, although it is acknowledged that there will be year-to-year 
variability reflecting climatological conditions. Sampling needed to be undertaken with 
care to avoid disturbance to the site that would affect the results of subsequent sampling 
and analysis. 
4.3.2 In situ measurements 
Sampling of spring water for chemical analysis was undertaken concurrently with 
biological sampling. Prior to the field sampling, polyethylene bottles (PE) (100mI capacity) 
for trace metal analysis were acid soaked in 5% nitric for 48 hours, washed twice with 
distilled water, rinsed with ultra pure water and dried in the oven for 24 hours at 60°C. 
Polyethylene plastic bottles have a very low affinity for ion adsorption at the inner surface 
compared to glass surfaces and are therefore suitable for trace metal analysis. 
Dissolved oxygen concentration, pH, temperature and electric conductivity were measured 
concurrent in the field with the other sampling operations. The water quality measurements 
were undertaken directly at the point where groundwater emerged (< Im from the source). 
The probe was submerged a few centimetres below the water surface, and in very shallow 
springs, care was taken to avoid submerging the probe into fine surface sediments. The 
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dissolved oxygen meter, conductivity meter and pH meter were calibrated in the laboratory 
prior to field measurements. 
Dissolved oxygen 
Dissolved oxygen concentrations were measured using a portable waterproof Hanna 
dissolved oxygen meter model H 19142 (accuracy ± 1.5 % full scale, resolution 0.1 mg Y1). 
The dissolved oxygen meter was calibrated in the laboratory prior to each sampling trip, 
and inspected each time before measurements were taken to ensure the membrane was wet. 
If the membrane was found to be dry or leaking, it was replaced with a new membrane and 
filled with fresh potassium chloride (KCL) solution. Air saturation calibration was 
undertaken prior to measurement of each sample. Readings were taken only after the probe 
was submerged below the water surface for at least 5 minutes. This ensured sufficient time 
was given for ion exchange through the membrane. Replicate readings were taken and 
recorded on the field assessment sheet (see Appendix 4.1). 
Conductivity 
Conductivity was measured in the field using a Hanna conductivity/TDS meter model 
H1198300 (accuracy ±2% full scale, resolution 1 pScm"'). The conductivity meter was 
calibrated in the laboratory using a standard conductivity calibration solution (ranges 100 
µS cm-1 -1000 µS cm"'). The instrument (meter) was allowed to equilibrate for about 15 
minutes prior to taking measurements in the field. The probe was submerged below the 
water surface until a constant reading was displayed. A replicate reading was recorded at 
each station on the field survey sheet. The meter automatically corrects for temperature 
variability. 
Flow velocity 
Flow velocity was measured using a SENSA-RC2 current meter. Measurement was taken 
by submerging the probe at 0.6 water depth with sensor facing upstream. Average flow 
velocity was determined over a 30-second period by the meter and the reading was 
displayed on the LCD screen in m s". In shallow water care was taken to prevent the 
sensor coming into contact with substrate surface, which may affect the accuracy or the 
readings. 
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pH and water temperature 
Hydrogen ion concentration in the spring water was measured using a Hanna pH meter 
model HI98108 (accuracy ± 0.1 pH, resolution 0.1 pH). The pH meter was switched on for 
approximately 20 minutes prior to measurement. The probe was submerged in the water 
body so that a probe was a few centimetres below surface. The probe was left in the water 
for 5-10 minutes to achieve temperature equilibrium between the solution inside probe and 
spring water column. Measurements were only recorded after a constant pH value appeared. 
Replicate measurement was undertaken and recorded in the field assessment sheet. Springs 
water body temperature was measured concurrently with pH on the same meter. 
4.3.3 Water sampling and preservation for laboratory analysis 
Two separate water sample units were collected in the field, one for anion and cation 
analysis, and the other for trace metal analysis. Sample bottles (100 ml volume) were 
rinsed twice with spring water prior to water collection to ensure that the inner surface of 
the sampling bottle was homogenous with the sample and also to remove any surface 
contaminants. The sample bottle was submerged into the water column and the bottle 
opening closed using the screw cap whilst it was still submerged. This was to avoid any air 
bubbles becoming trapped inside the bottle that could cause oxidation to occur, which 
could change the natural chemical characteristics in water sample. Samples were kept in a 
cool-box until transferred into a refrigerator in the laboratory. Anion parameters (nitrate, 
phosphate and sulphate) were measured within 24 hours (1-day) following sample 
collection. After anion measurement, the same water samples were preserved with 
concentrated nitric acid (analytical reagent grade -a. r. grade) to acidify the water sample to 
a pH less than 2. These water samples were subsequently analysed for cation parameters 
(potassium, sodium, magnesium and calcium) within I week (7-days) of collection. 
Water samples for trace metals analysis were preserved immediately after sampled using 
nitric acid 90% (a. r. grade) for long-term storage. Two drops of concentrated nitric acid 
(approximately 0.5 ml) were placed into each sample bottle and the water sample shaken 
before storage. The water samples (pH < 2) were stored below 411C until analysis was 
undertaken. 
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4.4 Habitat assessment and recording 
Habitat characteristics have a major influence on biological diversity and distribution of 
fauna within springs (Hudson, 1987; Meregalli et al., 2000). An assessment of the quality 
of the instream lotic habitat has been recognised as an important factor in the interpretation 
of biological data for several decades (e. g., Hynes, 1970; Pinder, 1986; Colbo, 1991). 
Habitat characteristics need to be considered and recorded because they may frequently 
obscure the effects of environmental parameters and pollution. A visual assessment was 
undertaken at each spring for every sampling occasion, prior to water and biological 
sampling. Information was recorded on the habitat assessment sheet (see Appendix 4.1). 
The substratum composition (percentage cobble, gravel, sand and silt/clay) and percentage 
cover of in-stream vegetation leaf-litter, woody debris and vegetation cover (bryophyte, 
macrophyte and riparian) were determined using visual estimation procedures (sensu 
Armitage et al., 1995a). 
4.5 Laboratory method 
Springs are a natural source of groundwater emergence and their physical and chemical 
composition depends on the various strata with which the water has been in contact 
(Berrady et al., 2000; Valett et al., 1990). The laboratory work involve analysing water 
quality using ionic chromatography, processing Chironomidae from raw samples and 
subsequent taxonomic identification. The methodology for extraction and analysis of trace 
metals in spring water, sediments and Chironomidae larvae is explained in detail in 
Chapter 8 (heavy metals concentration and chironomids deformities). 
Raw biotic samples were washed, sieved and Chironomidae samples were processed into 
preservatives within one week of collection. All Chironomidae sampling and processing 
was undertaken by a single person throughout the study to avoid operator bias. Sub 
sampling was undertaken for Otter Hole spring samples for July 2003 and August 2003 due 
to high densities of larvae (> 8,000 individuals m2). Only 25 % of the total Chironomidae 
sample was processed and identified. Identification was undertaken to the lowest 
taxonomic and confirmed by an expert (Dr L. C. V. Pinder) for the quality assurance 
assessment. 
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4.6 Laboratory analysis 
All anions and cations were analysed using a Metrohm 792 basic ionic chromatography 
analyser. Anions (P04 , N03", S042") and cations (K+, Na+, Mg2+ and 
Cat+) in water 
samples are essential elements occurring naturally in freshwater and are ingested by 
aquatic organisms through consumption of food. Therefore it is important to measure their 
concentration within the water body. Analysis using the Metrohm 792 basic ionic 
chromatography unit essentially pumps the sample through a separation column 
containing specific eluents (separation agents). A detector box within the unit then 
identifies and quantifies the ion concentrations. The eluent solutions required were all 
prepared prior to analysis following strict preparation guidelines proposed by Eith et al., 
(2001). 
4.6.1 Anion eluent preparation 
The eluent acts as a medium for ion transportation through the separation column. An 
eluent with a specific range of conductivity aids separation of anion and cation ions in the 
column before the detector determines their absolute concentration. Eluents for anion and 
cation analysis were prepared according to the Eith et al., (2001). A detail flow chart for 
anion eluent preparation procedures is shown in Appendix 4.2. Sodium hydrogen carbonate 
(0.336 g NaHCO3) and sodium carbonate (0.509 g Na2CO3) were mixed in a conical flask 
(2 litre capacity), which contained approximately 200 ml of ultra pure water. The mixture 
was then gradually heated on a hot plate to a temperature of 80°C until both reagents 
dissolved. The solution was then made up to 2000 ml using ultra pure water and then left to 
reach room temperature. The mixture was then filtered through 0.45µm filters using a 
vacuum pump to remove any undissolved or suspended particles. 5 ml of 2% acetone was 
added to the mixture as a stabiliser and the mixture then agitated in an ultra-sonic water- 
bath to remove trapped air bubbles. This mixture was then kept at room temperature until 
analysis was conducted. The conductivity value of the anion eluent was approximately 16 
µS cm"'. The ionic chromatography specification for anion analysis is shown in Table 4.1. 
4.6.2 Cation eluent preparation 
Tartaric acid 600 g and dipicolinic acid 250 g were used to prepare the cation eluent. The 
procedure for cation eluent preparation follows the same procedure for anion eluent as 
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outline above (Chapter 4.6.1). All steps used for anion eluent preparation were followed 
accordingly to produce the cation eluent solution and detail protocol is shown in Appendix 
4.3. The final conductivity value for the cation eluent was approximately 590 µS cm''. The 
ionic chromatography specification for cation analysis is shown in Table 4.2. 
4.6.3 Ionic chromatography (IC) analysis 
Water samples were shaken and filtered through 0.45 pm pore size filter paper prior to 
analysis to remove any suspended materials. This suspended material can clog the IC 
capillary tubes and affect the measurement efficiency. A filtrate of the water sample was 
then directly analysed. 
Table 4.1: Specifications for anion analysis using ionic chromatography 
Column 6.1006.020 Metrosep Anion Dual 1 (3 x 150mm) 
Eluent 2.4 m mol' NaHCO3 + 2.5 m mol' Na2CO3 + 2% acetone 
Conductivity approximately 16 S cm'' 
Anion tested Phosphate, Nitrate, Sulphate 
Flow 0.5 ml miri 
Pressure 3M pa 
Analysis Time 16 min 
Suppressor Regenerating agent: 50 mmol' H2SO4 + ultra pure water. 
Table 4.2: Specifications for cation analysis using ionic chromatography 
Column 6.1010.210 Metrosep C2 (4 x 100mm 
Eluent 4m mol' tartaric acid + 0.75 m mol' dipicolinic acid. 
Conductivity approximately 590 S cm 
Cation tested Sodium, calcium, magnesium, potassium 
Flow I ml min' 
Pressure TM-pa 
Analysis Time 12 minutes 
The ionic chromatograph was stabilised approximately 60 minutes prior to standard 
calibration and sample measurement. A constant baseline for the eluent conductivity 
measurement appeared when temperature equilibrium between eluent and column was 
achieved. This indicates that the instrument is ready to be used. A standard calibration 
curve was performed prior to sample measurements. A series of standard concentrations 
were prepared for each parameter. Three series of standard concentrations were prepared 
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for calibration determination. This was undertaken according to the Metrohm ion 
chromatography handbook (Eith et al., 2001). A specific amount of standard solution from 
stock (1000 ppm) was transferred into a conical flask and diluted with ultrapure water to 
meet the concentration required (see Appendix 4.4). A standard calibration curve was 
prepared for each element and analysis was only undertaken after the IC conformed to the 
calibration sensitivity check (Figure 4.1) 
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Component Concentration Time 
Signal /Area 
Peak (mg t") tR (min) (µS cm"l*s) 
I Nitrate 0.5 9.6 20 
2 Phosphate 0.5 12.5 11 
3 Sulphate 1.0 14.1 56 
Figure 4.1: Standard calibration curve for anion parameters 
4.7 Biological sampling and analysis 
4.7.1 Chironomidae larval sampling 
A modified Surber sampler with 15 cm x 20 cm internal dimensions (90 pm mesh net) was 
used for larval Chironomidae sampling. This quantitative sampler is small, relatively 
simple to use and suitable for shallow water and small ecosystems (springs). It is one of the 
most frequently employed for biological sampling in flowing waters and routine 
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biomonitoring programmes for water quality in the UK (Armitage et al., 1983; Extence et 
al., 1987). The total time allocated for sampling was 60 second for each site. Four sample 
units were collected at each spring, with 15-seconds allocated for each unit. Sampling was 
carried out in an upstream direction to avoid disturbance of areas not sampled (BSI 6068, 
1985). The Surber sampler was held on the bed with the opening facing upstream. The 
substrate surface, located within the Surber's frame was gently disturbed by hand. Larger 
rocks and wood materials found within the Surber's frame area were removed and washed 
carefully in front of the net opening and then temporally placed outside of the sampling 
area. These materials were then placed back at original location in order to reduce 
disturbance to the small spring ecosystems. Macrophytes such as Ranunculus spp., 
bryophytes such as Fontinalis sp. and algae mats found within sampling quadrat were 
washed thoroughly to remove attached chironomids. The sample was then transferred into 
a zip lock plastic container, and the Surber net washed thoroughly with water to ensure no 
organisms remained on the net. 
Sampling of Chironomid larvae was undertaken in preference to other life stages for 
several reasons: i) adults are mobile and depending on local meteorological conditions 
may disperse widely from the habitat where the individual were larvae and pupae; ii) pupae 
and pupae excuvia were considered for sampling at spring sites. However, given the 
markedly different physical characteristics of the springs examined, low abundances of 
Chironomidae larvae at many sites and absence of appropriate location for excuvia to be 
collected this was not considered viable. 
All plastic containers were clearly labelled with the name of the spring, sampling time, date 
of sampling and instruments used. The biological sample was then preserved immediately 
with 70% industrial methylated spirit (IMS) and returned to the laboratory for further 
processing. Only one operator conducted the sampling throughout in order to minimise 
sampling bias (Armitage et al., 1983). 
4.7.2 Washing and sorting 
In the laboratory, the sample was sieved through a 90 µm mesh to remove fine silt and clay 
sediments. Larger materials were removed after inspection for attached chironomids. 
Samples were then rinsed with tap water in a fume cupboard. Chironomids were then 
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sorted in a white bottom tray without the aid of magnification. Light forceps were used to 
collect chironomids in order to avoid any damage of the body, which may prevent 
identification. Chironomids found were carefully transferred into sample bottles containing 
IMS 70% for temporary preservation. 
4.7.3 Mounting and identification 
Chironomid soft tissues/muscles were extracted prior to mounting and identification. The 
thick body tissue prevents and hinders the identification process and needs to be removed 
to confirm identifications. The extraction was achieved with potassium hydroxide (KOH) 
to produce a clear sample, facilitating the identification process. Mounting was undertaken 
according to the procedure outlined in Weiderholm (1983). The specimens were soaked in 
10 % of potassium hydroxide (KOH) and gradually heated on a hot plate to 80°C. The 
amount of KOH needed for digestion was dependent on the number of specimens. The 
digestion proceeded until the specimens appeared clear and transparent. This process may 
take from a few minutes up to an hour, depending on the group of chironomid larvae. The 
specimens were then neutralised using acetic acid for approximately 10 minutes prior to 
mounting on glass slides. All chironomid samples except from Tricket Sough (S3) were 
identified using semi permanent mounts. 
The Chironomidae samples were mounted ventral side up in formaldehyde resin (water 
soluble) and carefully covered with a glass cover slip. Gentle pressure was applied to 
compress the specimens to allow a clear vision and to avoid any air bubbles being trapped. 
The slide preparation was undertaken using a stereomicroscope. The identification was 
carried out using an Axioskop (Zeiss) compound microscope with magnification from l Ox 
to 1000x magnification. Images were photographed to confirm specimen length and width, 
and to aid the identification process. Some examples of photographs taken using this 
instrument are shown in Photograph 4.1. Taxonomic identification was undertaken using 
the following taxonomic keys Cranston (1982), Oliver and Roussel (1983), Wiederholm 
(1983) and Epler (2001) keys. Chironomids were identified to the species level where 
possible or to the lowest practical level. For some subfamilies identification was only 
possible to subfamily (i. e. Tanypodinae) while for others it was possible to at least the 
genus. 
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4.7.4 Chironomid community characterisation 
A range of parameters were used to characterise the larval chironomid community 
including overall community abundance, abundance of selected taxa/species, number of 
taxa and a range of diversity/dominance indices/metrics (see below). The use of biological 
diversity indices (e. g., richness and diversity) for indicators of community attributes are 
well established (Rosenberg and Resh, 1993) and a wide variety of diversity indices have 
been used within biological community studies and environment assessments (Wilhm and 
Dorris, 1968). Community diversity indices consider two ecologically/biologically 
important facets, species richness (number of species or taxa) and evenness/equitability 
(the similarity of abundance the species or taxa) (Magurran, 1988). The Shannon-Weiner 
diversity index (H'), evenness/equitability index (J), Simpson diversity index (D), 
Margalef index (DMg), total number of taxa (s) and Berger-Parker dominance index (d ) 
were calculated using Species Diversity and Richness Ver. 2 software (Henderson and 
Seaby, 1998). 
Shannon-Weiner diversity index 
The Shannon-Weiner diversity index (also called the Shannon index or the Shannon- 
Weaver index) is amongst the most famous diversity index in community studies. This 
diversity index assumes that all samples have been randomly sampled and this index is 
independent of sample size (Wilhm and Dorris, 1968). The base of natural logarithms or 
loge (In) is often used in calculating Shannon diversity index but any log base may be 
adopted. The mathematical expression of this index is shown below; 
H' = -Ep; lnp; 
Where pi is the proportion of individuals found in the ith species or taxa. 
Equitability / Evenness Index 
Equitability is also known as the evenness. The ratio of observed diversity to maximum 
diversity can therefore be taken as a measure of evenness (Pielou, 1969). Equitability is 
constrained between 0 and 1.0, with 1.0 representing a situation in which all species are 
equally abundant (Magurran, 1988). Equitability or evenness refers to the pattern of 
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distribution of the individuals between the species. This measure of equitability compares 
the observed Shannon-Wiener index against that distribution of individuals between the 
observed species, which would maximize diversity. 
J=H%logS 
Where H' is Shannon -Weiner diversity index value and S is the total number of species 
recorded. 
Simpson Index 
Is the probability of any two individuals drawn at random from an infinitely large 
community belonging to the same species (Simpson, 1949). 
D=Ipt2 
pie= N(Ni-1) 
Where Ni is the number of individuals in the ith species and NT the total individuals in the 
sample. 
Margalef Index 
The Margalef index is calculated as the species number minus I divided by the natural 
logarithm of the total number of individuals. 
DMg = (S -1)/1nN 
Where S is the number of species recorded, N is the total number of individuals summed 
over all S species (Clifford and Stephenson, 1975). 
51 
Berger-Parker Dominance Index 
This dominance index characterises the species distribution in the samples (May, 1975). It 
is a simple index, which is the total number of individuals of all species divided by the 
number of individuals of the most common species. 
d= NmaJN 
Where Nmax the number of individuals of the most abundant species. 
4.8. Statistical Analysis 
Data gathered as part of this study are multivariate in that each sampling unit is 
characterised by many attributes (Gauch, 1982). Biological data obtained may be 
dependent or independent of the surrounding environmental characteristics. The Statistical 
Package for Social Science (SPSS Ver 12) was used to summaries the data and to confirm 
their frequency of distribution patterns. Large data sets frequently need to be summarised 
by data reduction techniques (e. g. Principal Component Analysis (PCA), Correspondence 
Analysis (CA) and Canonical Correspondence Analysis (CCA)) in order to identify any 
environmental and/or biological gradients within the data. These patterns and relationships 
can then subsequently be examined in more detail using other statistical techniques. 
Two different groups of statistical analysis techniques were used to analyse biological and 
environmental parameters. The first statistical analysis is a single or univariate statistic. 
This includes descriptive statistics (e. g., mean, median, standard deviation, standard error, 
kurtosis and skewness), Pearson and Spearman correlation, one-way analysis of variance 
(ANOVA) and the Kruskal-Wallis test. Raw data gathered were analysed to produce the 
necessary descriptive information. Prior to analysis, data were inspected to ensure that the 
frequency distribution of the data conformed to the underlying assumptions of the proposed 
analysis technique using the Kolmogorov-Smirnov test. When required, biological data 
were transformed using logbo prior to further analysis, to reduce the effect of absolute 
abundance of some genera. The log-transformation of ecological data is frequently required 
when the variance is consistently larger than mean (corresponding to a clumped 
distribution) (Elliot, 1977). In addition, some environmental data were log-transformed 
(either log10 or In) as appropriate. 
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Chironomus Prodiamesa olivacea 
Prodiamesa Pseudodiamesa branickii 
Pectin epipharyngeal (Chironomus) ßifid Seta I (Cricotopus sp. A) 
Photograph 4.1: Some common larval Chironomidae specimens recorded within the 
study area 
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Multivariate analyses techniques compare the community composition on the basis of the 
component species as well as their relative importance in terms of abundance. Buxton 
ephemeral spring (S7) was excluded from analysis since only four individuals (two 
individuals of Paraphaenocladius spp. and two Heterotanytarsus spp. ) were recorded 
during the study period. Preliminary analysis indicated that the inclusion of this site 
significantly influenced the output due to its unique community composition. As a result it 
was removed prior to the final ordination analysis. This approach has been proposed and 
used in other studies since the inclusion of markedly different sites and unique taxa is a 
source of `noise' within the data and may need to be controlled (Norris, 1995). 
Two multivariate software packages were used for the analysis of biological and 
environment data: Community Analysis Package (CAP Ver. 3.01) and Ecological 
Community Analysis (ECOM Ver. 2.0) (Henderson and Seaby, 1998). Principal 
Components Analysis (PCA), Correspondence Analysis (CA) and Detrended 
Correspondence Analysis (DCA) from part of CAP Version. 3.01 software. The PCA was 
used to examine the environmental gradients within and between springs, and CA and 
DCA were used to examine biological gradient between springs. Canonical 
Correspondence Analysis (CCA), part of the ECOM Version 3.01 software, was used to 
examine influence of environmental gradients on the biological data in combination. The 
data used in CCA analysis was tested using Monte Carlo permutation test to measure the 
probability that the eigen value could occur by chance and allow the identification of 
significant environmental factors influencing the biological data. 
4.9 Summary 
This chapter has described the sampling approach, sampling protocols, laboratory analysis and data analysis 
techniques. Detailed sampling activities involving water quality, sediments and larval Chironomidae have 
been outlined. Laboratory analysis technique and equipment used for major anion and cation elements, and 
heavy metals analysis have been outlined in detailed. Chironomid specimens preparation and taxonomic 
identification procedures were also described in detail. In the following chapters (Chapter 5,6,7 and 8), the 
sampling protocols, laboratory analysis and data analysis protocols are outlined with some modification 
where necessary. The next chapter will presents the result of analysis of spring water quality. 
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CHAPTER 5: SPRINGS WATER CHARACTERISTICS 
5.1 Introduction 
This study used three different sampling approaches: first, bimonthly sampling undertaken 
over a 12-month period at 16 springs across the White Peak to examine broad scale water 
quality patterns. Second, monthly sampling was undertaken (12-month period) at 5 springs 
within the White Peak to examine detailed temporal water quality patterns. This potentially 
provides a better resolution to observe any changes in spring water quality with regard to 
seasonal and spatial factors. Finally, to examine the downstream pattern of water quality as 
the spring flows from the eucrenal zone (>1 in point of groundwater emergence) to the 
hypocrenal zone (more than 1 in downstream) and the end of the springbrook (see Chapter 
7). To achieve this, monthly sampling was undertaken along the length of one springbrook 
ecosystem at 6 locations. Details of the protocols for the water quality sampling, 
measurement and analysis were presented in Chapter 4.3. 
This chapter outlines the results of the physical and chemical water quality analysis 
for the 
two temporal scales of analysis (monthly and bimonthly). Data from the bimonthly 
sampling programme were used to describe the spatial water quality patterns and to allow 
comparisons between thermal and coldwater springs, and perennial and intermittent 
springs. Monthly sampling data were used to describe temporal water quality 
variability/patterns over the 12-month period. 
5.2 Hypothesis and Objectives 
It is hypothesised that the physical characteristics of limestone spring habitats display 
greater variability than the water quality (chemical) characteristics, and as a result the 
former exerts a stronger influence on larval Chironomidae distribution that the latter. 
Base on the hypothesis above the objectives of this chapter was to undertake a detailed 
sampling programme of water quality within limestone springs to: 
" examine the physical and chemical water quality characteristics of fifteen (15) 
limestone springs (spatial) across the White Peak area; 
9 examine temporal water quality patterns within a subset of five (5) limestone 
spnngs. 
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5.3 Summary of water characteristics 
Most limestone springs in the White Peak are relatively small and may be strongly 
influenced by the surrounding catchments and hydrological characteristics (rainfall and 
groundwater recharge). Five physical and seven chemical parameters were analysed for 
each spring for the 12 month period, and the average values for the 15 springs sampled 
bimonthly are shown in Table 5.1 (the raw data presented in Appendix 5.1 and 5.2). In 
general, all 15 springs exhibit similar water quality characteristics with regard to the 
physical and chemical parameters with two exceptions: Stoney Middleton and Tricket 
Sough. Stoney Middleton is a thermal spring and Tricket Sough is a semi-thermal spring, 
both characterised by lower mean dissolved oxygen (mg 1"1) and nitrate concentrations (mg 
1''), and high electric conductivity (µS cm"'). Mean flow velocity (cm s"1), sulphate (mg 1'1) 
and calcium concentrations (mg 1"1) were highly variable when all sites were considered 
during the 12-month sampling period (Figure 5.1). 
Water quality patterns for each spring are shown in relation to their physical characteristics 
(Figure 5.2), anion (Figure 5.3) and cation concentrations (Figure 5.4). Average (mean) 
water quality parameters (anions and cations) from the 15 springs exhibit variation 
between individual sites (Figure 5.3 and Figure 5.4). This demonstrates that the majority of 
the physical parameters (dissolved oxygen, pH, conductivity and temperature), anions 
(nitrate, phosphate and sulphate) and cations (sodium, potassium, magnesium and calcium) 
recorded had low standard deviations. One-way analyses of variance (ANOVA) (SPSS 
Ver. 12.0) using loge transformed data was used to explore differences in water quality 
parameters between springs. The results of the analyses indicates that all physical 
parameters (dissolved oxygen, conductivity, temperature and mean flow velocity) except 
pH were significantly different between springs at p<0.05 (Table 5.2), when all spring 
were pooled. The post-hoc analysis using the Tukey HSD test indicated that only Stoney 
Middleton (S 1) (thermal spring) and Tricket Sough (S3) (Semi-thermal spring) were 
significantly different from the other springs (coldwater springs) with regards to dissolved 
oxygen, conductivity and temperature. The remaining coldwater springs were not 
significantly different with the exception of magnesium (cations). None of the anions 
examined (nitrate, phosphate and sulphate) differed markedly between the springs at p< 
0.05, and only magnesium (cation) was significantly different between spring at p<0.05 
(Table 5.2). The results obtained are similar to those from other studies in the Peak District 
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(Edmunds, 1971; Christopher and Wilcox, 1981; Smith and Wood, 2002; Smith et al., 
2003) for anion and cation parameters. They found that most of coldwater springs 
within the limestone area of the Peak District were not markedly dil'tcrent with regards 
to water characteristics. However, the influence of' water temperature on some water 
parameters is clearly indicated at Stoney Middleton and "Ticket Sough springs. 
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Figure 5.1: Variation of bimonthly physical and chemical data for 12-month 
study period. 
(all units are mg 1-1 except ! )r temperature (°C) and mean flow velocity (cm sI) 
5.3.1 Ordination analysis 
Principle components analysis (PCA) was applied to the water quality data to identify 
the key factors describing the physical and chemical characteristics. PCA (CAP 
Ver. 3.01) was undertaken, with the physical and chemical characteristics plotted as 
vectors, and springs indicated as sample points on the resulting hiplot. The results 
indicate some affinities between springs (e. g, sulphate, conductivity and water 
temperature) and some marked differences (e. g., nitrate and dissolve oxygen) (Figure 
5.5). Dissolve oxygen was negatively correlated with water temperature, sulphate and 
conductivity on Axis 1. The results clearly demonstrate that the thermal spring (Stoney 
Middleton, Si) and semi-thermal spring (Tricket Sough, S3) were different from all 
other sites in relation to elevated water temperature (°C), sulphate (mg; 1-1), conductivity 
(µS cm-I ), magnesium (mg 1-1) and sodium (mg 1-1). The intermittent springs also 
exhibited a similar pattern that clearly separated them along Axis 2 tiom the perennial 
springs. 
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Table 5.2: One-way analysis of variance of physical parameters between springs 
Parameters df Mean Square F Sig. 
Dissolved Oxygen 14 26.043 9.364 . 
000* 
pH 14 . 052 . 837 . 628 
Conductivity 14 85908.090 6.993 . 000* 
Temperature 14 28.706 9.696 . 000* 
Mean Flow velocity 13 3.138 1.937 . 043* 
Nitrate 14 7.147 1.014 . 
452 
Phosphate 14 14.194 1.111 . 377 
Sulphate 14 . 
576 
. 
260 . 996 
Sodium 14 6.058 1.451 . 153 
Potassium 14 4.087 . 841 . 624 
Magnesium 14 13.546 3.711 . 000* 
Calcium 14 . 279 . 200 . 999 
Note: *= significant at p<0.05 
5.3.2 Perennial vs intermittent springs 
Due to the over-riding influence the thermal and semi-thermal springs had on the PCA 
output a further PCA was undertaken excluding them from the analysis (Figure 5.6). 
The output demonstrates that the perennial springs were separated from the intermittent 
sites based on their physical and chemical characteristics. Perennial springs were 
clearly isolated from the intermittent springs along Axis 1. Additionally springs, which 
were geographically close plotted close to each other indicating broadly similar 
physical and chemicals characteristics (e. g. Slop Moll -S5 and Peak Cavern Rising - 
S6, Lees Bottom I-S 13 and Lees Bottom 2-S 14, Wye Head - S8, Otter Hole - S9 
and Golf Ball Rising -S 10). 
The perennial springs are different to the intermittent sites for some parameters. Most 
perennial springs were located on the positive side of Axis 1 and positively correlated 
with higher mean flow velocity (cm s"1), pH, sodium (mg 1-1) and potassium (mg 1-1). 
The intermittent springs were located at the negative side of Axis I and characterised 
by higher nitrate (mg 1-1) and calcium concentrations (mg 1"1) at Litton Mill (S11), and 
higher sulphate (mg 1"'), magnesium (mg 1"1) and temperature °C) at Lees Bottom I 
(S 12) and Lees Bottom 2 (S 13). 
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Figure 5.5: PCA analysis of spring examined in the White Peak separated thermal 
springs (Stoney Middleton and Tricket Sough) from coldwater 
springs as regards with chemical and physical parameters 
(Note: "= perennial spring, A= intermittent spring) 
However, one-way analysis of variance (ANOVA, SPSS Ver. 12) indicated that only 
dissolved oxygen and conductivity were significantly different between perennial and 
intermittent springs (p analytical are 0.006 and 0.045 at p <0.05 respectively). The 
mean flow velocity was found not to differ markedly between perennial and 
intermittent springs possibly due to the high mean flow velocity recorded at some 
intermittent sites with the resumption of flow. 
5.3.3 Mean flow velocity 
Flow velocity plays an important role in influencing water quality by controlling other 
important parameters such as temperature (van der Kamp, 1995). Even though the 
mean flow velocity did not differ markedly between springs, data recorded at each site 
still exhibited variability and can be used to classify the springs (Feminella, 1996; 
Smith and Wood, 2002) and can be used to assess its influence a springs water quality. 
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The springs were classified into three groups; i) a consistently high mean flow velocity 
(> 60 cm s 1), ii) moderate mean flow velocity (15 - 60 cm s'' ), and iii) slow mean flow 
velocity or intermittent springs (< 15 cm s -I or dry). Based on this classification, five 
springs were grouped into the high mean flow velocity and slow/intermittent mean flow 
velocity group separately, and four springs into the moderate mean flow velocity group 
(Table 5.3) (Figure 5.7). Russet Well spring (S5) was not included in this classification 
because it was not possible to measure flow velocity at source within the `boiling 
spring'. Water quality characteristics for each group were compared to examine the 
effect of mean flow velocity variability on physical and chemical quality. 
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Figure 5.6: The PCA-correlation analysis for both perennial and intermittent 
springs (excluding thermal and semi-thermal springs) 
(Note: "= perennial spring, A= intermittent spring) 
64 
Since no transformation of the resulting three groups resulted in a normal distribution 
(significant value < 0.05 in Kolmogorov-Smirnov test) a non-parametric test was 
undertaken to examine the differences of water quality parameters for the three mean 
flow velocity classes/groups. A Kruskal-Wallis test (SPSS Ver 12.0) was used and 
results indicated that only conductivity (µS cm-1) was significantly different between 
groups (sig. value = 0.009, p<0.05) (Table 5.4). This demonstrates that even though 
each spring has markedly different flow velocity, their water quality characteristics are 
relatively homogenous and not strongly affected by flow velocity. 
Table 5.3: Spring classification based on mean flow velocity 
Spring Spring 
ID 
Mean Flow 
Velocity (cm s') 
Spring 
Type 
Fast Flow velocity (> 60 cm s" 
Otter Hole S9 80.3 Perennial 
Golf Ball Rising S10 86.1 Perennial 
Slop Moll S5 63.8 Perennial 
Tricket Sough S3 79.3 Perennial 
Wye Head S7 77.0 Perennial 
Moderate Flow velocity (15 - 60 
cm S-) 
Bradwell S2 35.0 Perennial 
Peak Cavern Rising S4 27.2 Perennial 
Stoney Middleton S1 23.3 Perennial 
Great Shacklow S16 16.2 Perennial 
Slow Flow velocity/ intermittent 
springs (< 15 cm s"' 
Millerdale S12 10.0 Perennial 
Lees Bottom S15 9.3 Perennial 
Lees Bottom (1) S13 5.2 Intermittent 
Lees Bottom (2) S14 0.7 Intermittent 
Litton Mill Si1 45.5 Intermittent 
5.3.4 Thermal / semi-thermal vs cold water springs 
This study includes one thermal spring, Stoney Middleton (S 1) and one semi-thermal 
spring, Tricket Sough (S3) and 13 other coldwater springs with an average water 
temperature close to the mean annual air temperature for the region (8 °C). The thermal 
springs are characterised by high sulphate (anions), sodium (cations), temperature and 
electric conductivity (physical characteristics) compared to the coldwater springs 
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(Figure 5.8). Similar result was reported by Berrady et al., (2000) whose studied 
physico-chemistry of two thermal springbrooks in Morocco. They reported that thermal 
waters were characterised by higher conductivity, lower dissolved oxygen and nitrate 
concentrations, and highly variable sulphate concentrations. The similar concentrations 
of calcium recorded at thermal water and coldwater springs in this study indicates that 
the water has been in intimate contact with the same calcareous rock. 
Table 5.4: A Kruskal-Wallis tests for water characteristics data based on three 
different mean flow velocity classes 
2 to y U 0 . Ga ö s ä u 
Ä° 0 
w Z ä N 0 N 2 U 0 
U 0, 
Chi- 1.43 2.09 9.33 0 73 97 1 2.10 2 15 1.99 5.42 . 954 4.39 1.35 Square . . . 
Df 2 2 2 2 2 2 2 2 2 2 2 2 
Asymp. 
. 49 . 35 . 
01* 69 . 00 . 35 . 
34 . 37 . 
07 
. 
62 . 11 . 
51 
Sig. . 
Note: *= significant at p<0.05 
A Kruskal-Wallis test (SPSS Ver 12) was undertaken to examine differences in water 
quality between thermal springs and coldwater springs. The results indicate dissolved 
oxygen, conductivity and temperature (physical parameters), sulphate and sodium were 
significantly different between coldwater springs and thermal springs. All these 
parameters were reported higher in thermal springs. In addition, nitrate (anion), sodium 
and magnesium (cations) were also significantly different but were higher in the 
coldwater springs (Table 5.5). However, it is important to recognise the unequal group 
sizes when interpreting this analysis. 
5.4 Annual (temporal) water characteristics pattern 
The temporal or annual water quality pattern was examined using monthly sampling 
data (12-month period) at five springs: one thermal spring (Stoney Middleton -S 1), one 
intermittent spring (Litton Mill -S 11) and three perennial coldwater springs (Bradwell - 
S2, Otter Hole -S9 and Lees Bottom -S15). 
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The monthly data are characterised by a smaller number of sites (5 springs) but higher 
frequency of sampling (12 sampling occasions) and this section attempts to examine 
temporal variability of spring water quality. Monthly Water quality patterns are 
presented in Figure 5.9 (physical characteristics), Figure 5.10 (anions) and Figure 5.11 
(cations). 
For physical parameters, the thermal springs exhibit low dissolved oxygen 
concentrations and high conductivity concentrations (same as bimonthly pattern), but 
both of these parameters do not exhibit clear annual distribution pattern (Figure 5.9). 
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Figure 5.8: Comparison of thermal springs and coldww ater springs 
(all units at y-axis are mg 1-1 except 1,01- blow v clocitY-cul "" and pl1). 
Table 5.5: Kruskal-Wallis tests for water quality parameters from thermal and 
coldwater springs 
:3 C: 
ri _ ^7 C 
L :ý '7 Dü s 
c c: F' 1 c r". c. 5 
Chi- 
3,76 3.84 20.84 17. () 0.11 ' 7. % ý 1.17 
ý, S.; ' II '1 417 8.18 ý 14') 
Square 
kit ' I II II I 
/1sß nI 
0.0 0* 0.05 0.0(1* 0.00* 0.74 
. 
001 * 0.28 U. llO* (( ((* (I 5? O. UI * 0.018 
Sig. 
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Mean flow velocity had a clear temporal pattern with a distinct rise in the hydrograph 
from December 2003-February 2004 (winter season) The increase of mean flow 
velocity was very clear at Litton Mill (intermittent spring) and Otter Hole (perennial 
spring) but less marked at Bradwell (perennial spring) and Stoney Middleton (thermal 
spring). Only Lees Bottom spring does not exhibit any flow variation pattern, possibly 
due to the very slow flows recorded year round compared to other sites (Figure 5.9). 
Flow velocity data from each spring were separated into four different seasons 
(summer, autumn, winter and spring) to allow examination of significant seasonal 
variation. Data were transformed to (logio) prior to analysis due to the high positive 
skew. One-way analysis of variance (ANOVA, SPSS Ver. 12) was used to examine the 
seasonal variation and results indicate only Stoney Middleton and Otter Hole springs 
had a significant seasonal mean flow variation, and post-hoc analysis demonstrates that 
spring period was significantly different from other seasons in both springs (Table 5.6). 
Table 5.6: One-way analysis of variance (ANOVA) of mean flow velocity between 
seasons (monthly data) 
Springs 
Sum of 
Squares df Mean Square F Sig. 
Stoney Middleton 4.049 3 1.350 8.561 . 
007* 
Bradwell 
. 436 
3 . 145 1.400 . 
312 
Otter Hole 
. 892 
3 . 297 5.496 . 
024* 
Litton Mill 
. 178 1 . 178 . 567 . 494 Lees Bottom 
. 841 3 . 280 4.373 . 
073 
(` = significant clitterent at p<0.05) 
Anion parameters (nitrate, phosphate and sulphate) exhibit an inverse relationship with 
mean flow velocity. Nitrate and sulphate concentrations were low during high mean 
flow velocity conditions (Figure 5.10) and phosphate concentrations were very low 
after February 2004. All springs exhibit very similar patterns for all anion parameters. 
One-way analysis of variance (ANOVA, SPSS Ver. 12) for all springs demonstrates that 
nitrate, phosphate and sulphate concentration variation were significantly different 
temporally (Table 5.7). 
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Sodium, potassium and calcium (cation parameters) concentrations varied little 
between July 2003- January 2004 before an increase in February 2004. This occurred in 
all springs with the exception of Litton Mill (intermittent spring). Magnesium does not 
appear to display any temporal pattern at any site. One-way analysis of variance 
(ANOVA, SPSS Ver. 12) indicated that only potassium and calcium concentrations 
were significantly different temporally (Table 5.7). 
Table 5.7: One-way analysis of variance of monthly data set between sampling 
occasion 
Sum of 
Squares df Mean Square F Sig. 
Dissolved oxygen . 666 11 . 061 . 158 . 999 
pH . 018 11 . 002 . 908 . 541 
Mean flow velocity 7.119 11 . 
647 2.141 . 040' 
Conductivity 114593. 11 10417 . 320 . 
977 
Nitrate 15.378 11 1.398 2.928 . 007* 
Phosphate 4.675 5 . 935 5.388 . 
010* 
Sulphate 5.748 11 . 523 4.321 . 
000* 
Sodium 7.674 11 . 698 . 998 . 
463 
Potassium 21.805 11 1.982 8.437 . 000* 
Magnesium 7.192 11 . 654 . 931 . 
521 
Calcium 8.372 11 . 761 
5.227 . 
000* 
Note: '= significant at p<0.05 
Since mean flow velocity during the monthly sampling programme exhibited some 
temporal variation, correlation analysis (SPSS, ver. 12) was undertaken to examine its 
influence on chemical parameters (anions and cations). The results (logio transformed 
data) indicate that mean flow velocity was not correlated with any water quality 
parameter, suggesting that flow variability measured monthly does not influence the 
water quality of the springs examined (Table 5.8). 
5.5 Discussion 
The goal of this chapter was to examine the water quality of 15 springs within the 
limestone area of the White Peak and to study the temporal variability of water quality 
within 5 springs. The Buxton ephemeral spring (S7) is not included in this discussion 
because it was dry for most of the sampling period. The study sites included two 
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thermal springs and thirteen coldwater springs: three of which were intermittent. The 
hydrogeology and water quality of the White Peak area has bee extensively studies (See 
Gunn 1998 for historic review). This review clearly highlights the relative stability of 
karsts springs compared to other surface water habitats. However, there is variability in 
water quality characteristics depending on the local hydrogeological conditions 
(including relative residence time of water, hydro-thermal influences and groundwater/ 
surface water interactions). These may explain many of the short term differences 
recorded between most sites (Gunn 1991,1998). 
Table 5.8: Correlation between mean flow velocity and monthly water 
quality data 
c 
Sl' :; E 
E 
ä ý+ c °3 
_ U) m 
Mean flow Pearson 1 22 14 01 . 44 -. 
13 . 17 -. 
30 -. 26 -. 09 veloci Correlation . . . 
N 51 51 51 46 15 51 50 47 50 51 
Correlation is signiticant at the 0.01 level (2-tailed). 
' Correlation is significant at the 0.05 level (2-tailed). 
5.5.1 Spring physical habitat 
The discussions will concentrate on the differences in the physical characteristics of the 
springs. The characteristics of most springs were not markedly different for most 
parameters. Several researchers have demonstrated that chemical and physical 
characteristics in springs may be relatively constant (Smith and Wood, 2002; Smith et 
al., 2003; Wood et al., 2005) when compared with the majority of other lotic systems 
(Butler, 1982; Glazier, 1991; Gooch and Glazier, 1991). 
The substratum composition within an individual spring is influenced by the flow 
velocity within it. Ruse (1993) reported that current velocity would influence substrate 
composition and plant growth. High and moderate mean flow velocities (mostly 
perennial springs) resulted in coarse-grained substrates (cobble, gravel and sand) while 
slow mean flow velocity sites (all intermittent springs) are characterized by a finer 
grained substratum (sand and silt/clay). Some springs in this study have fine grained 
74 
benthic sediments coated on the cobble or gravel surfaces, particularly during low 
discharge conditions (e. g. Tricket - S3 and Millerdale - S12). Water level was 
relatively consistent in most perennial springs but fluctuated markedly at intermittent 
sites. All intermittent springs were dry at least once during the study period. 
In-spring vegetations (macrophytes, bryophytes and algae) were only found in 
perennial springs since they contained water year-round. Bradwell spring was 
dominated by the macrophyte Ranunculus sp.. Submerged bryophytes (Fontinalis sp. ) 
dominated the eucrenal zone year-round at Otter Hole and Wye Head spring (see 
Appendix 3.1). An emergent macrophyte dominated the edge of the source area at 
Great Shacklow spring (see Photograph 3.4, Chapter 3.5.1), Chlorophyta (green algae) 
dominated the eucrenal zone at Slop Moll spring during the summer months and was 
found at the edge of Russet Well spring (see Photograph 3.2, Chapter 3.5.1). 
5.5.2 Water characteristics spatial variation 
The physical and chemical composition of spring water depends on the various strata 
(mineral type) with which the water has been in contact, and also on the various 
chemicals that percolate into the groundwater (Webb et al., 1998; Elhatip et al., 2004). 
Thus water quality of groundwater can be evaluated by the study of its chemical and 
physical parameters (Berrady et al., 2000). Springs emerging from groundwater in the 
White Peak area (Limestone outcrop) have a baseline concentration of anions 
(phosphate and sulphate) and cations (sodium, potassium, magnesium and calcium). 
The ionic compositions (anions and cations) of spring water was found to be generally 
similar between sites, even though some variation was recorded between and during 
each sampling occasion, and for each type of spring. However, the mean values and 
concentrations were not significantly different, with the exception of nitrate 
concentrations. 
The results of this investigation suggest perennial springs primarily differ from 
intermittent springs based on physical characteristics (dissolved oxygen and 
conductivity) that may have resulted from the different volume of water in the spring. 
Dissolved oxygen and conductivity differed significantly between intermittent and 
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perennial springs when tested using one-way analysis of variance (ANOVA, SPSS 
Ver. 12) (p = 0.039 and p=0.001 for dissolved oxygen and conductivity respectively). 
van Everdingen, (1991) reported that intermittent springs might not have constant water 
quality such as temperature and chemicals composition. van der Kamp, (1995) found 
that temperature and water chemistry of any spring at any particular time strongly 
reflects the flow history. Intermittent springs can experience sudden variation of flow 
due to the effect of storms (van Everdingen, 1991). 
The water quality recorded was variable between thermal and coldwater springs. The 
two thermal springs, Stoney Middleton (S 1) and Tricket Sough (S3), exhibit marked 
variation in physical parameters (temperature, dissolved oxygen and conductivity), 
nitrate and sulphate concentrations (anions), and sodium and magnesium (cations) 
concentrations compared to the coldwater springs. From the PCA analysis, the thermal 
springs were clearly separated from coldwater springs due to the high water 
temperature, conductivity and sodium concentrations (see Figure 5.5). Several studies 
of thermal springs reported similar results for dissolved oxygen, conductivity, sulphate 
and sodium concentrations (Granby et al., 2000; Pastorelli et al., 1999; Berrady et al., 
2000; Glazier, 1991). The high sulphate concentrations in the warmer water indicates 
that they originate through the interaction with anhydrite bearing evaporite rocks. 
Sulphate concentrations, normally accompanied by calcium, could be generated from 
CaSO4 present within the bedrock (Dreyer, 1982). High concentration of sulphate and 
calcium in thermal spring waters indicates excess dissolution of calcium-sulphate from 
the base rock (Kumar et al., 1997). Low dissolved an oxygen concentrations in thermal 
springs (mean value of 0.53 - 3.00 mg 1"1) is due to hypoxic conditions in the 
substratum, and this results in the low values of nitrate. Conductivity is higher in 
thermal springs than the coldwater springs and is typical of other cases reported within 
the literature (Brock, 1978; Glazier, 1991). 
Coldwater springs have higher dissolved oxygen concentrations and probably mean 
that the water was derived from the upper layers of the water bearing strata (limestone 
rock) (Orendt, 2000). A Kruskal-Wallis test demonstrated that dissolved oxygen, 
temperature, conductivity, sodium, sulphate and magnesium were significantly 
different between thermal and coldwater springs (see Table 5.5). Although magnesium 
was significantly different between thermal and cold water springs (Kruskal-Wallis test 
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-p=0.01), its was associated with the intermittent springs (Lees Bottom -I and Lees 
Bottom - 2) in the PCA biplot (see Figure 5.6). Nitrate and phosphate were recorded at 
low concentrations in both thermal and coldwater springs and is typical for natural 
springs (van der Kamp, 1995). The results demonstrate that thermal and coldwater 
springs can be clearly differentiated between based upon abiotic parameters. 
However, two perennial springs and three intermittent springs in this study had 
relatively high concentrations of nitrate. The presence of nitrogen of mineral origin is 
rare in natural waters and the presence of nitrogen compounds like ammonia, nitrite and 
nitrate indicates organic pollution from domestic sewage and agricultural wastes 
(Kumar et al., 1997). The World Health Organisation (WHO) standard guideline for 
nitrate concentration in potable water is less than 10 ppm (Fresenuis et al., 1988). 
Bradwell and Litton Mill springs, both located close to residential areas, had average 
nitrate concentrations of 20.41 mg 1-1 and 15.77 mg 1-1 respectively. Lees Bottom (1), 
Lees Bottom (2) and Great Shacklow springs, located in livestock areas had average 
nitrate concentrations of 12.99 mg 1"1,12.31 mg F' and 14.98 mg 1'1 respectively (see 
Table 5.1). This suggests some signs of domestic and agriculture anthropogenic input 
of nitrogen within study area. 
Mean flow velocity differed between springs and was classified into three different 
groups based on the flow rate (see Table 5.4). Water quality data from each mean flow 
velocity group were tested using the Kruskal-Wallis test (SPSS Ver. 12.0) and results 
indicate that water quality did not significantly differ between groups except for 
conductivity (see Table 5.8). Low correlation coefficients between mean flow velocity 
and water quality parameters indicate that water quality characteristics are not strongly 
influenced by flow variability. Intermittent springs quickly recover their chemical 
quality when discharge at the surface is resumed (van Everdingen, 1991). 
The temporal uniformity of springs in physical and chemical composition is related to 
the source material (limestone bedrock) and rate of recharge (Elhatip et al., 2004). Five 
springs were studied for their temporal variation and result indicated that the thermal 
springs (Stoney Middleton - SI and Tricket Sough - S3) displayed similar annual 
variation pattern to the coldwater springs, even though they differed in relation to the 
concentration of some chemical parameters. The chemistry of thermal springs appears 
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to be relatively constant through time and suggests a steady state kinetic water-rock 
interaction (Grasby et al., 2000). 
5.6 Summary 
This chapter outlined the results of the investigation to assess water quality spatially and temporally. 
Data from the monthly sampling programme were used to examine the annual/temporal variability of 
spring water quality. Overall, springs from the limestone outcrop within the White Peak area contained 
similar background concentrations of physical and chemical water quality characteristics with the 
exception of nitrate concentrations which were above drinking water standard guidelines. Thermal 
springs are characterized by different water quality parameters from coldwater springs. Water quality 
changes year-round and appears to be inversely related to mean flow velocity. The next chapter will 
examine the larval Chironomidae biodiversity within springs in the White Peak, Derbyshire and their 
temporal and spatial variability. 
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CHAPTER 6: BIODIVERSITY OF CHIRONOMIDAE IN WHITE PEAK 
SPRINGS 
6.1 Introduction 
The quality of a freshwater body influences the presence, abundance and diversity of the 
biotic community within it. Many invertebrate species found in springs are associated with 
the unique habitat characteristics recorded there and the larvae of Chironomidae often 
represent a high proportion of the taxa (Orendt, 2000). However, the biodiversity of 
Chironomidae within spring ecosystems has been poorly studied to date. Research 
comparing chironomids within different springs and springbrooks are uncommon with 
some notable exceptions (Orendt, 2000) and several studies only consider single sites and a 
large proportion of research is never published (Orendt, 2000). This chapter examines the 
biodiversity of Chironomidae within springs located in the White Peak and compares 
Chironomidae diversity between springs with different hydrological characteristics. 
This chapter specifically examines the larval Chironomidae within 15 springs in the White 
Peak, Derbyshire (Peak District National Park). A total of 16 springs were sampled in this 
study, however one site, Buxton ephemeral spring (S7), has been excluded from the 
analysis and discussion following preliminary exploration of the data. The Buxton 
ephemeral spring was found to be an outlier in the analysis because of the very low 
abundance of taxa (4 individuals during the study period) and presence of 2 uncommon 
genera i. e: Paraphaenocladius and Heterotanytarsus. This site was also excluded from the 
analysis of water quality (Chapter 4) due to the small number of samples collected (2 
sampling occasions only). 
Six sets of bimonthly biological data (covering a 12-month period), which includes data 
from June 2003 to May 2004, were obtained. In addition, 5 springs were examined at 
monthly intervals to enable detailed examination of the temporal variability of faunal 
characteristics within 1 thermal spring, 3 perennial and I intermittent sites. The data were 
examined with a particular emphasis on the larval Chironomidae community composition, 
density/abundance (number of individuals), taxon diversity (Shannon-Weiner diversity 
index, evenness index, Simpson diversity index, the Margalef richness index, and the total 
number of taxa), dominance (Berger-Parker dominance index) and their distribution within 
different habitats. Diversity indices were calculated using Species Diversity and Richness 
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Version 2 software (Hendeson and Seaby, 1998). Patterns within the community 
composition were examined using correspondence analysis (CA) and detrended 
correspondence analysis (DCA) within the Ecological Community Analysis Version 3.01 
software (Hendeson and Seaby, 1998). The biological data, physical characteristics and 
water quality data (See Chapter 4) obtained were then analysed in combination using 
Canonical Correspondence Analysis (CCA) within the Ecological Community Analysis 
Ver. 3.01 software (Seaby et al., 2004). 
6.2 Hypotheses and Objectives 
It is hypothesised that the biodiversity of Chironomidae within limestone springs is 
naturally high and higher than other macroinvertebrate groups due to their ability to 
survive in a wide range of habitat and ability to rapidly colonise sites. To date no 
comprehensive survey on Chironomidae from springs within the White Peak or any other 
springs in the UK has been undertaken. 
It is also hypothesised that the physical characteristics of a spring (habitat characteristics 
and flow) exert a stronger influence on the Chironomidae community structure and 
composition than the water quality/chemistry characteristics. Larval Chironomidae 
distribution within the springs can be related to the environmental factors that may 
influence their distribution. 
To examine the hypotheses outlined above the following objectives involving a detailed 
sampling programme of Chironomidae larvae within the limestone springs have been 
identified: 
" examine larval Chironomidae biodiversity and distribution within fifteen (15) 
limestone springs (capturing spatial variability) across the White Peak area; 
" examine the Chironomidae community in relation to the physical and chemical 
characteristics recorded; 
" examine the temporal variability (at monthly interval) of the larval Chironomidae 
community biodiversity within a subset of five (5) limestone springs. 
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6.3 Study areas and investigation methodology 
The hydrogeology of the study area was outlined in Chapter 3.3 and the physical 
characteristics of the springs sampled outlined in Table 3.1. A total of 12 perennial and 3 
intermittent springs were monitored over the 12-month period. This included one perennial 
thermal spring and one perennial semi-thermal spring. 
Sampling was undertaken within the eucrenal zone, close to the source (up to 1m from the 
source). Four different patches were sampled using a modified Surber sampler (see 
Chapter 4.7.1) for a total of 60 seconds and the four sample units aggregated. All samples 
were preserved immediately in the field with 70 % IMS. In the laboratory, samples were 
washed thoroughly to remove the preservative, passed through a 250µm and 90µm mesh 
sieve to remove fine sediments, and manually sorted (see Chapter 4.7.2 for further details). 
Samples from Otter Hole spring (S9) from July and August 2003 were sub-sampled due to 
very high abundances (more than 8,333 individuals per m) . Following sorting, 
larvae were 
treated with potassium hydroxide (KOH), to clear the soft tissues within the head, and 
body and identified following mounting on a slide using the following taxonomic keys; 
Cranston, (1982), Wiederholm, (1983) and Epler (2001). 
6.4 Larval Chironomidae community data (macro-scale study) 
Seven thousand four hundred and eighty (7480) individual Chironomidae larvae were 
identified from a total of 96 sample units taken from the 15 springs (i. e. excluding Buxton 
ephemeral spring). A total of five sub-families of Chironomidae were identified 
comprising seventy nine taxa (79) (including Tanypodinae). Tanypodinae were only 
identified to the subfamily level due to the lack of taxonomic references for larvae and this 
certainly results in an underestimate of the overall biodiversity. The aggregated biological 
data is presented in Table 6.1 (the full taxon lists for each sampling occasion are presented 
in Appendix 6.1. Orthocladiinae were the most frequently recorded subfamily representing 
83.1% of the total abundance. Orthocladiinae account for nine of the ten most abundant 
taxa in this study. Tvetenia calvescens and Rheocricotopus fuscipes, (Orthocladiinae) were 
the most abundant, with 3122 individual and 790 individuals respectively. The remaining 
subfamilies recorded had low total abundances. Diamesinae represents only 7.7 % of the 
total abundance and was dominated by Diamesa spp.; which was the third most abundant 
taxa (after Tvetenia calvescens and Rheocricotopus fuscipes) with 577 individuals (mean 
density of 756 individuals m"2). Chironominae/Tanytarsini, Prodiamesinae and 
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Table 6.1: Aggregated biological data from bimonthy sampling programme 
c 979 LO 
cm 
"c 
9 
ýp 
N .y 
2 
Q. 0 
*6 
y 
7 
X: 
0) 
= 
d 
N 
m 
O 
x 
M 
--2 
r 
E 
rB 
VyJ 
O7 
N 
E 
as 
ýyn 
Cý 
E 
's 
-22 O 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
of edillum convictum ? 1 5 6 
of edillum nubecolusom 36 1 2 1 1 1 1 43 
Chironomus 1 1 2 
Chironomus group A 15 15 
Chironomus group B 9 9 
Chironomus group C 1 1 
Chironomus group D 3 1 4 
Chironomus group E 2 2 
Chironomus group F 7 7 
Chironomus group G 1 1 
Chironomus group H 10 10 
Chironomus group I 2 2 
T RIBE: TANYTARSINI 
reno sectra 1 19 20 
icrosectra 2 9 2 9 123 10 5 123 1 3 12 299 
insi nilobus-t e1 1 1 1 3 
imbocera 1 1 
ara sectra 1 1 3 1 13 1 20 
Rheotany tarsus I 1 
Tan tarsus 1 4 1 41 4 5 1 57 
SUB FAMILY: TANYPODINAE 1 1 22 4 2 1 3 2 1 2 4 43 
SUB FAMILY: PRODIAMESINAE 
rodiamesa 3 3 
rodiamesa olivacea 2 6 20 9 5 28 53 1 3 12 139 
SUB FAMILY: DIAMESINAE 
iamesa 29 1 2 121 24 65 238 35 6 23 544 
iamesa s p. B 3 3 
iamesa sp. C 6 2 1 9 
iamesa s p. D 1 1 
iamesa baicalensis 5 5 
iamesa incallida 3 3 
iamesa spinacea 10 10 
seudodiamesa 1 1 2 
UB FAMILY: ORTHOCLADIINAE 
riliia modesta 88 4 38 3 4 313 44 33 155 1 3 2 5 693 
o haenocladius 2 2 
82 
"i .0 Ö - 
1 
i° 
m 
"C 
C 
N 
ad ýp 
N ýA C 
75 
y 
d 
O 
mC 01 
w 
to 
C 
= 
E 
O 
N 
E 
O 
N 
E 
CO 
U 
L O 
Cardiocladius 4 4 
Chaetocladius 1 1 41 5 5 2 55 
Chaetocladius acuticornis 2 7 9 
Chaetocladius dentiforce s 1 39 12 3 1 3 19 1 2 81 
Chaetocladius dentipes 28 24 52 
Chaetocladius piger 20 4 2 4 8 1 1 19 13 72 
Chaetocladius suecicus 94 13 2 109 
Chaetocladius vitellinus 3 13 7 230 9 1 9 22 4 1 4 2 305 
C. Cricoto us bicinctus group 1 1 
C. Cricoto us c lindraceus I 1 
C. Cricoto us fuscus group 1 1 3 2 1 1 1 10 
C. Cricoto us tibialis rou 1 I 
C. Cricoto us tremulus group 11 24 39 6 3 4 87 
C. Cr/coto us triannulatus group 1 1 
C. Cricoto us trifascia group 3 3 
C. Nostococladius 1 1 2 
ukiefferiella spB 1 I 
ukiefferiella brehmi 1 3 4 
ukieferriella bravicalcar 15 1 16 
ukiefferiella claripenis 1 1 
ukiefferiella cyanea 22 22 8 4 4 60 
ukiefferiella devonica 1 1 
ukiefferiella racei 8 2 127 7 22 1 1 9 177 
ukiefferiella minor 43 3 5 67 118 
eterotan arsus 1 1 
et erotrissocladius? 3 1 1 8 13 
eterotrissocladius oliver!? 2 1 1 4 
imno h es 1 1 1 1 4 
etriocnemus 5 1 2 81 10 3 1 103 
teriocnemus h ro etricus 2 8 2 1 1 14 
Oliveridia? 1 1 
Orthocladius s. str 3 4 7 
aracricoto us 1 I 
arametriocnemus 2 1 9 1 25 38 
ara haenocladius 1 1 3 5 
aratricocladius 47 9 33 2 53 1 7 152 
heocricoto us effusus 1 7 8 
heocricoto us chat beatus 15 10 1 26 
heocricoto us fusci s 53 47 157 396 111 7 19 790 
Synorthocladius 2 1 3 
Thienemannia 6 4 10 
Tvetenia 16 1 17 
Tvetenia sp. A 1 1 2 
Tvetenia calvescens 2 47 6 2 2351 694 4 1 2 7 6 3122 
Tvetevnia cl ata 1 1 2 
Tvetenia discolor! s 31 3 
Tvetenia verralli 1 1 19 1 1 23 
0 of individual in each s rin 31 337 182 123 670 593 38 3429 281 121 411 17 18 72 157 7480 
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Tanypodinae represented 6.7 %, 1.9 % and 0.6 % of the total abundance respectively 
(Table 6.2). 
Otter Hole (S9) supported the highest total abundance with 3429 individuals (mean density 
4763 individuals m"2) (45.8 % of the total individuals) followed by Golf Ball Rising (S 10) 
1281 individuals (mean density of 1779 individuals m'2) (17.1 %). Both of these springs 
are perennial and drain the well-developed karst drainage system in the Buxton area. The 
lowest abundance was recorded at Lees Bottom (1) (S13), an intermittent spring, from 
which only 17 individuals (mean density of 24 individuals m"2) were recorded (0.3 %) 
(Figure 6.1). The Litton Mill spring (S 11) supported the greatest abundance 
from an intermittent springs with a total of 121 individuals (mean density of 168 
individuals m -2 ), followed by Lees Bottom (2) 18 individuals (mean density of 25 
individuals m'2) and Lees Bottom (1) 17 individuals (mean density of 24 individuals m'2). 
The four most widely distributed Chironomidae taxa were from the Brillia modesta, 
Tvetenia calvescens and Chaetocladius vitellinus (Orthocladiinae subfamily) and 
Micropsectra from Chironominae subfamily. Brillia modesta (Orthocladiinae) was the 
most abundant and widely distributed species in White Peak springs (present at 13 sites). 
This species was only absent from Stoney Middleton (S1) and Tricket Sough spring (S3) a 
thermal and semi-thermal spring respectively. Chaetocladius vitellinus, was recorded from 
12 springs, whereas Micropsectra and Tvetenia calvescens were present in 11 springs. 
Diamesinae was the second most widely distributed sub-family; represented by Diamesa at 
10 sites. The abundance and number of taxa recorded from the 15 springs exhibit similar 
patterns of distribution (Figure 6.1). The relationship between abundance and number of 
taxa was examined using the Pearson correlation coefficients (logio transformed data) and 
this indicated a positive relationship between the two (r =0.859, n= 30 at p<0.05) 
(Figure 6.2). Twenty-seven taxa were recorded from only one site (Table 6.3). 
6.5 Chironomidae biodiversity 
Species diversity was examined based on the annual aggregated dataset (bimonthly 
sampling). Six biodiversity heterogeneity indices were determined from the aggregated 
data set: i) Shannon-Weiner diversity index (H); ii) Equitability index (J); iii) Simpson 
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diversity index (1)); iv) Margalcf richness index v) Berger-Parker dominance index 
(N-); and vi) Number of taxa. Most of the indices were derived using the number oftaxa 
recorded (S) as a proportion of total number of individuals collected (N). A detailed 
description ofeach diversity index is given in Chapter 4.7.4. 
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Figure 6.1: Chironornidae density and diNersity (no. of taxa) recorded at each 
spring 
Fable 6.2: Subfamilies composition recorded during the 12-month 
sampling periods 
Subfamilies % Composition 
Total 
Individuals 
Orthocladiinae 83.09 021S 
Diarnesinac 7.71 577 
C'hironominac/Tanytarsini 6.72 401 
Prodiamcsinae 1.90 142 
fanypodinac 
Total 1 
0.57 
100 
41 
1 
74811 
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Chironomidae diversity was variable between springs across the White Peak. The number 
of taxa (S) ranged from 6 to 34. The greatest number of taxa was recorded from Russet 
Well spring (S6) with 34 taxa, even though it only ranked fourth in terms of abundance 
(see Figure 6.1). The lowest number of taxa recorded was at Wye Head spring (S8) and 
Stoney Middleton spring (S 1) with only 7 taxa each. Of these, fifteen taxa were only 
recorded once during the entire study period (Table 6.3). 
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Figure 6.2: Scatter plot (logio number of individual and number of taxa) from 15 
springs (bimonthly data) 
The diversity indices values for the larval Chironomidae community across the White Peak 
are presented in Table 6.4. The Shannon-Weiner and Simpson diversity indexes for the 15 
springs ranging between 0.90 to 2.41 and 1.73 to 17.00 respectively. The average value for 
the Shannon-Weiner diversity index was 1.90 ± 0.463 and for the Simpson diversity index 
6.04 ± 4.298. 
Russet Well (S6) had the highest Shannon-Weiner diversity index value (2.412), Margalef 
richness index (5.014) and equitability (0.266), and supports the largest proportion of the 
taxa recorded. In contrast, Wye Head (S8) had the lowest Shannon-Weiner diversity values 
(0.902) but the highest Berger-Parker dominance index (0.757). The species evenness 
(Equitability) ranged from 0.20 to 0.55 with an average 0.43 ± 0.112. The Berger-Parker 
dominance index ranged from 0.17 - 0.75 (average value 0.42 ± 0.185). A comparison of 
the Shannon-Weiner diversity index value, number of taxa and total abundance is shown in 
Figure 6.3. 
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The relationship between diversity indices and physical and chemical water characteristics 
was examined using Pearson correlation coefficients (SPSS Ver. 12) and the results indicate 
that mean flow velocity had strongest relationship with several diversity indices. It has 
strong negative relation with Shannon-Weiner diversity index (-0.711, n= 30, p<0.01), 
Table 6.3: Taxa recorded from only one spring during the study period. 
(* = indicates taxon recorded on for one sampling occasion ) 
Taxa Site Flow/Regime 
1 Chironomus group A Tricket Sough Perennial 
2 Chironomus group B Tricket Sough Perennial 
3 Chironomus group C* Tricket Sough Perennial 
4 Chironomus group E Tricket Sough Perennial 
5 Chironomus group F Tricket Sough Perennial 
6 Chironomus group G* Tricket Sough Perennial 
7 Chironomus group H Tricket Sough Perennial 
8 Chironomus group I Tricket Sough Perennial 
9 Rheotanytarsus* Russet Well Perennial 
10 Prodiamesa L. Bottom (1) Intermittent 
11 Diamesa s p. B* Slop Moll Perennial 
12 Diamesa s p. D* Russet Well Perennial 
13 Diamesa baicalensis Slop Moll Perennial 
14 Diamesa incallida Slop Moll Perennial 
15 Diamesa s inacea Slop Moll Perennial 
16 Bo haenocladius Litton Mill Intermittent 
17 Cardiocladius Otter Hole Perennial 
18 C. Cricoto us bicintus group* Golf Ball Rising Perennial 
29 C. Cricoto us cylindraceus group* Peak Caven Rising Perennial 
20 C. Cricoto us tibialis group* Russet Well Perennial 
21 C. Cricoto us triannulatus group Russet Well Perennial 
22 C. Cricoto us tri ascia group Otter Hole Perennial 
23 Eukiefferiella s .B* Golf Ball Rising 
Perennial 
24 Eukie eriella claripenis* Tricket Sough Perennial 
25 Eukiefferiella devonica* Otter Hole Perennial 
26 Oliveridia* L. Bottom (2) Intermittent 
27 Paracricoto us* Russet Well Perennial 
Equitability index (r = -0.640, n= 30, p<0.05) and Simpson index (r = -0.58, n= 30, 
p<0.05). This may explain the high abundance of some taxa that have a preference for 
high flow conditions (e. g. Brillia modesta, Tvetenia spp. and Rheocricotopus spp. ). The 
only other water quality parameter that had a relationship with diversity indices was 
nitrate. Nitrate had a strong inverse relationship with Berger-Parker dominance index 
(0.669, n= 30, p<0.05). However it had a positive relationship with Equitability index 
(0.543, n= 30, p<0.05) and weak positive relationship with the other three diversity 
indexes (Table 6.5). 
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Inter-correlations between diversity indices were examined and indicate that the 13crgcr- 
Parker dominant index has a strong inverse relationship with all other indices, whereas the 
equitability has the strongest relationship with the Shannon-Weiner diversity index 
followed by Margalef and Simpson index (Table 6.6). The relationship between the 
Shannon-Weiner diversity and Equitability is not unexpected since the latter is derived 
ti-om the former. 
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Figure 6.3: Shannon diversity index pattern for each sampling occasions 
compared to taxi richness and total abundance 
6.6 Chironomidae ordination 
The aggregated data (bimonthly sampling data) were analysed using dctrenclcci 
corresponded analysis (DCA). Data were transI rmed (loge) to confirm to the underlying 
assumption of a normal distribution prior to DC A. Results indicate that intermittent sites 
(marked in triangle) were not clearly separated in ordination space from the perennial sites 
(solid cycle) (Figure 6.4a) and no clear environmental gradient could be identified. Only 
'['ticket Sough (S3), a semi-therºnal spring was isolated from other springs on Axis I. 
P Pak Cavern Rising (S4) was furthest Separated in ordination Space troll, ereilt Shacklow 
spring (S 16) on Axis 2. Russet Well spring (S6) and Slop ! hull spring (S5) ýý'ere rou('eci 
together with Great Shacklow spring (S16) on the ordination hiplot indicating a strong 
similarity in community composition. Otter Bole spring (SS) had the highest negative 
loading on axis 1 and was most similar to Golf Ball Rising spring (S9). Both springs are 
geographically close each other on site and support similar communities. 
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Jul-03 Sept-03 Nov. -03 Jan-04 Mir-04 
Sampling Date 
Table 6.4: Diversity indices value for bimonthly sampling data 
Springs 
Shannon- 
Weiner 
index (H) 
Simpson 
index (D) 
Margalef 
index 
(DMg) 
Equitability 
index (J) 
Berger-Parker 
index 
No. of 
Taxa 
% 
Abundance 
S1 1.261 2.372 1.747 0.289 0.645 7 0.4 
S2 2.219 6.958 3.346 0.509 0.261 21 4.5 
S3 1.778 3.395 3.075 0.408 0.517 17 2.4 
S4 2.351 7.236 3.747 0.540 0.295 19 1.6 
S5 2.257 5.830 4.303 0.518 0.343 29 8.9 
S6 2.426 6.923 5.168 0.557 0.265 34 7.9 
S8 0.990 1.826 1.649 0.230 0.737 7 0.1 
S9 1.198 2.026 3.317 0.275 0.686 28 45.8 
S lo 1.612 2.945 3.773 0.369 0.542 28 17.1 
S 11 1.933 5.338 2.294 0.444 0.289 12 1.6 
S12 1.885 4.132 2.991 0.425 0.378 19 5.5 
S13 2.313 19.135 3.806 0.544 0.236 12 0.2 
S14 2.370 15.100 3.883 0.531 0.167 12 0.2 
S15 2.282 6.708 3.507 0.524 0.347 16 0.9 
S16 1.992 4.539 2.967 0.457 0.426 16 2.1 
Min 0.990 1.826 1.649 0.230 0.167 7 0.1 
Max 2.426 19.135 5.168 0.557 0.737 34 45.8 
Mean 1.924 6.297 3.305 0.441 0.408 
SD 0.469 4.828 0.925 0.107 0.177 
Table 6.5: Correlations between diversity indices and water physical and chemical 
characteristics (all units are mg 1-1 otherwise stated) 
5 C ý 
E E 
ý E 
E E 7 
ý _ ö Q. V F - U. Z v 1 
Shannon- 
. 278 . 195 -. 056 -. 198 -. 711 ** . 484 . 1)5 -. 351 -. 225 -. 378 . 193 . 180 Weiner 
Simpson 
. 
151 -. 153 . 
024 -. 215 -. 598* . 
401 
. 
019 -. 296 -. 351 -. 242 . 
100 -. 101 
Margalef 
. 488 . 300 -. 453 -. 442 -. 267 . 259 . 320 -. 498 -. 272 . 002 . 000 -. 066 
Equitability 
. 420 . 205 -. 216 -. 366 -. 640* . 543* . 125 -. 469 -. 360 -. 344 . 147 . 205 
Berger- 
Parker 400 -. 078 . 126 . 368 . 669** -. 660** -. 128 . 476 . 433 . 
293 -. 068 -. 310 
** Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
(Conductivity = µS cm-1, indicative flow velocity = cm s"1, pH = unit pH) 
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Larval Chironomidae distribution on the ordination diagram is shown in Figure 6.4b. 
Some taxa exhibit a close association with specific sites e. g; Chironomus spp. 
(Chironomini tribe) and Chaetocladius spp. (Orthocladiinae subfamily) at Tricket Sough 
(S3) spring Polypedillum spp. (Chironomini) at Peak Cavern Rising (S4) and 
Eukiefferiella minor (Orthocladiinae) at Great Shacklow (S 16). Those taxa at the centre of 
the ordination diagram were common to most perennial and/or intermittent springs. The 
majority of taxa at the centre were from the sub-family Orthocladiinae (e. g. Metriocnemus 
sp., Chaetocladius spp., Eukiefferiella spp. ) (Table 6.7). 
Table 6.6: Correlation between diversity indices 
Shannon-Weiner Simpson Margalef Equitability Berger-Parker 
Shannon-Weiner 1 . 695** . 697** . 
979** -. 935** 
Simpson . 695** 1 . 441 . 701** -. 
796** 
Margalef . 697** . 441 1 . 
755** -. 622* 
Equitability . 979** . 701** . 755** 
1 -. 952** 
Berger-Parker -. 935** -. 796** -. 622* -. 952** 1 
Correlation is significant at the 0.01 level (2-tailed). 
* Correlation is significant at the 0.05 level (2-tailed). 
6.7 Faunal characteristics of perennial and intermittent springs 
Litton Mill (S 11), Lees Bottom (1) (S 13) and Lees Bottom (2) (S 14) are intermittent 
springs. Litton Mill and Lees Bottom (2) were dry on two occasions (September 2003 and 
November 2003) and Lees Bottom (1) was dry once (November 2003). Standardisation of 
biological sample data was undertaken prior to analysis to allow a non-biased comparison 
(Wright, 1984). The total number of sample units collected on each sampling occasion was 
four, and sampling was undertaken on six occasions. Therefore, the number of sample 
units collected for Litton Mill (S 11) and Lees Bottom (2) were 16 and for Lees Bottom (1) 
20. Data from Litton Mill and Lees Bottom (2) were multiplied by 1.5 (24/16) and 1.2 (1) 
(24/20) respectively. 
The total larval Chironomidae abundance in perennial springs was 7324 individuals and 
229 individuals in intermittent springs (after standardisation). Sixty-four (64) taxa were 
recorded from perennial springs and twenty-seven (27) from the intermittent springs. The 
DCA indicated that the three intermittent springs were not clearly separated from the 
perennial springs on the output biplot (see Figure 6.4. a). This suggests that most of the 
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Table 6.7: Checklist of Chironomidae taxa (bimonthly data) used in the ordination 
biplot 
No Taxa Represented 
1 of edillum convictum ? 
2 of edillum nubecolusom 
3 Chironomus 
4 Chironomus group A 
5 Chironomus group B 
6 Chironomus group C 
7 Chironomus group D 
8 Chironomus group E 
9 Chironomus group F 
10 Chironomus group G 
11 Chironomus group H 
12 Chironomus group I 
13 renn sectra 
14 icro sectra 
15 
. insi ilobus-t e1 
16 imbocera 
17 ara sectra 
18 heotan tarsus 
19 Tan tarsus 
20 TANYPODINAE 
21 rodiamesa 
22 rodiamesa olivacea 
23 iamesa 
24 iamesa s p. B 
25 iamesa s p. C 
26 iamesa s p. D 
27 iamesa baicalensis 
28 iamesa incallida 
29 iamesa spinacea 
30 Pseudo iamesa 
31 rillia modesta 
32 Brvopha,, nocladius 
33 Cardiocladius 
34 Chaetocladius 
35 Chaetocladius acuticornis 
36 Chaetocladius dentf orce s 
37 Chaetocladius dentipes 
38 Chaetocladius piger 
39 Chaetocladius suecicus 
40 Chaetocladius vitellinus 
41 C. Cricoto s bicinctus group 
42 C. Cricoto us uscus group 
43 C. Cricoto us tibialis group 
44 C. Cricoto us tremulus group 
45 C. Cricoto us triannulatus group 
46 C. Cricoto us trifascia group 
47 C. ostococladius 
48 ukie eriella sp. B 
49 ukie eriella brehmi 
50 ukie erriella brevicalcar 
51 Eukiefferiella claripenis 
52 ukie eriella cyanea 
53 ukie eriella devonica 
54 ukie eriella gracei 
55 ukie eriella minor 
56 eterotan tarsus 
57 eterotrissocladius 
58 eterotrissocladius oliven 
59 imno h es 
60 etriocnemus 
61 teriocnemus h ro etricus 
62 Oliveridia 
63 Orthocladius s. str 
64 aracricoto us 
65 arametriocnemus 
66 Paraphaenocladius 
67 aratricocladius 
68 heocricoto us effusus 
69 heocricoto us chalybeatus 
70 heocricoto us usci es 
71 northocladius 
72 Thienemannia 
73 Tvetenia 
74 Tvetenia s p. A 
75 Tvetenia calvescens 
76 Tvetevnia clypeata 
77 Tvetenia discoloripes 
78 Tvetenia verralli 
92 
taxa recorded at intermittent sites were also found in perennial springs, except for 
Oliveridia sp. and Prodiamesa spp., which were only recorded at Lees Bottom (1) and 
Lees Bottom (2) springs. Diamesa spp. was the most abundant genus recorded at 
intermittent sites (35 individuals in Litton Mill spring), followed by Brillia modesta - 
Orthocladinae (33 individuals from the same site). Diversity indices for intermittent 
springs (see Table 6.4) indicate that although larval Chironomidae density/abundance 
was low, diversity was comparitively high. 
6.8 Environmental influences on larval Chironomidae community 
composition 
The influence of environmental parameters on larval Chironomidae biodiversity was 
examined using mutlivariate analysis. Larval Chironomidae abundance (bimonthly 
aggregated data) was plotted using Canonical Correspondence Analysis (CCA) in 
association with water quality parameters. Chironimids larval data were transformed 
(login) to achieve a normal distribution prior to analysis. Environmental data were 
tested for multicollinearity and highly correlated variables removed prior to analysis. 
The CCA ordination plots of water quality parameters for the springs (Figure 6.5a) 
indicated that nitrate (mg 1-1) and calcium (mg 1-1) exhibit a strong association with 
most springs along axis 2 and may be important to consider when describing the 
Chironomidae community. Other parameters such as mean flow velocity (cm s'I ) and 
potassium (mg 1-1) were also identified as potentially important parameters for 
consideration in describing the chironomid community within spring ecosystems. Only 
Tricket sough was clearly separated from the other sites on the positive side of Axis 1, 
associated with high sodium concentrations (mg 1.1). There was no clear separation 
between perennial and intermittent springs (Figure 6.5a). 
The majority of chironomid taxa were scattered along Axis 2, with the most widely 
distributed and abundant close to the biplot centroid (Prodiamesa olivacea, Cricotopus 
spp and Eukiefferiella brevicalcar) (Figure 6.5b). A relatively small number of taxa 
were located on negative side of axis 2 of the ordination biplot (Prodiamesa, and 
C. (Cricotopus) spp. ). Tvetenia spp., C. (Cricotopus) spp., Eukiefferiella claripenis sp. 
and Rheocricotopus sp. and associated with high mean flow velocity (see Figure 6.5a). 
The cumulative amount of variance explained by the CCA and eigenvalues are 
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presented in Table 6.8. The taxa-environmental correlation indicates a strong positive 
correlation (ranging from 0.899 to 0.970), with the first axis explaining 16.62% of the 
variance; with the remaining 3 axes accounting for 29.82 % of the variance (axis 2, axis 
3 axis 4). However, a Monte Carlo random permutations test was undertaken (1000 
permutations) and this indicated that none of the axes were significant. 
6.8.1 Physical characteristics 
Since the spring flow was highly variable between sites, they were classified into 
different classes based on the mean flow velocity values (see Table 5.4, Chapter 5.4.4). 
Three different mean flow velocity classes were identified: i) fast flow velocity springs 
(> 60 cm sd), ii) moderate flow velocity springs (15 - 60 cm s") and iii) slow flow 
velocity or intermittent springs (< 15cm s"'). 
Fast and slow mean flow velocity groups comprised 5 springs each and the moderate 
mean flow velocity group comprised 4 springs (Table 6.9). Russet Well spring (S6) was 
excluded from this classification due to the specific spring structure (depth in excess of 
3m and vertical sides which meant that flow velocity could not be measure accurately 
(see Photograph 3.2, Chapter 3.5.1). Abundance (number of individuals) and taxa 
richness were plotted against flow velocity (Figure 6.6). Results demonstrate that fast 
and moderate flow velocity springs have distinct annual abundance patterns based on 
six sampling occasions, with greater abundances recorded during the summer and 
autumn/spring and lower abundances during the winter period. The slow mean flow 
velocity springs have a markedly different pattern (Figure 6.6c) with low abundances 
during the summer due to desiccation and higher abundances during the winter period. 
The number of taxa recorded exhibits a similar trend to abundance, and Spearman's 
rank correlation coefficients were computed to examine the relationship between 
abundance and number of taxa. Results indicate that abundance and number of taxa 
were strongly related for the high mean flow velocity group (r = 0.943; p<0.001) and 
moderate mean flow velocity (r = 0.835; p<0.001) . However, the relationship 
between 
abundance and number of taxa for the slow mean flow velocity class was not 
significant (r = 0.371, p>0.05). 
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Table 6.8: CCA of aggregated annual data from 15 springs in conjunction with 
environmental variables 
CCA Axis 1 Axis 2 Axis 3 Axis 4 
Eigenvalue 0.6288 0.5092 0.3526 0.2664 
Species environment correlations 0.8995 0.9172 0.9019 0.9702 
% Variance 16.6202 13.4600 9.3185 7.0416 
Cumulative % variance 16.6206 30.006 39.3991 46.4407 
Monte Carlo Test (% Probability) at 1000 
replicates 
0.4386 0.2947 0.7363 
Table 6.9: Spring classification according to the mean flow velocity and 
Chironomidae abundance 
Sampling Month 
ö S ö 
S rin s 
N 
p g N N O O O 
Hi h mean flow velocit Total 
2276 422 239 140 131 221 3429 
Otter Hole (9) (9) (5) (13) (7) (10) (28) 
653 12 8 20 101 486 1280 
olf Ball Rising (28) (3) (2) (10) (10) (13) (28) 
148 265 2 1 86 141 643 
Slop Moll (15) (10) (1) (1) (5) (10) (29) 
26 97 14 0 8 37 182 
ricket Sough (3) (10) (5) (0) (2) (3) (17) 
0 28 0 0 4 5 37 
Wye Head (0) (1) (0) (0) (3) (4) (7) 
Total abundance 3103 824 263 161 330 890 5571 
Moderate mean flow ve locit 
28 188 42 7 25 0 290 
Bradwell (6) (15) (7) (2) (1) (0) (21) 
4 7 21 1 30 60 123 
Peak Cavern Rising (2) (5) (5) (1) (8) (11) (20) 
3 1 5 0 22 1 32 
Stoney Middleton (2) (1) (4) (0) (2) (1) (7) 
56 13 1 0 11 76 157 
Great Shacklow (10) (6) 1 (0) (3) (6) (16) 
Total abundance 234 356 87 8 202 308 1195 
low mean flow velocit or intermittent s ri ns 
1 5 167 93 92 52 410 
Millerdale (1) (4) (7) (6) (10) (8) (19) 
2 2 0 2 38 22 66 
Lees Bottom (1) (2) (0) (2) (6) (11) (16) 
4 0 0 6 4 3 17 
ees Bottom (1) (2) (0) (0) (4) (4) (3) (12) 
2 0 4 2 6 4 17 
ees Bottom (2) (2) (0) (2) (2) (6) (4) (12) 
11 0 0 26 17 67 121 
Litton Mill (4) (0) (0) (4) (5) (7) (16) 
Total abundance 20 7 171 129 157 147 631 
Note : Number of taxa is shown in bracket 
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6.8.2 Substratum Characteristics 
Substrate characteristics have become increasingly important in the study of aquatic 
chironomid communities (Tokeshi and Pinder, 1985). The physical structure of the 
habitat patches within a spring may exert a strong influence on its faunal community 
structure (Gooch and Glazier, 1991). Different taxa may have different substratum 
preferences and makes it an important consideration in aquatic invertebrate studies. 
Substrate composition for each spring in the study area was examined visually using 
the procedure outlined in Armitage et al., (1995a) and was recorded as percentage of 
the total composition (Table 6.10). Principal Components Analysis (PCA) was applied 
to the habitat characteristics and results demonstrates that the percentage of gravel and 
sand composition and mean flow velocity (cm s'') were strongly associated with axis I 
(which explained 36.19% of the variance). Percentage silt/clay and cobble composition 
were highly loaded on axis 2 (which explained 26.53% of the variance) (Figure 6.7). 
The intermittent springs (marked with triangles) were clearly separated from the 
perennial springs based on the percentage of silt/clay and cobble composition and also 
by percentage cover vegetation. 
Intermittent or slow flowing springs are normally characterised by fine substrates and 
pond-like habitat features. The intermittent springs were on the periphery of the 
ordination diagram: Lees Bottom (1) and Litton Mill were characterised by high 
percentages of silt/clay and cobble substratum, whereas Lees Bottom (2) was 
characterised by a high percentage of sand substrate and high vegetation cover (Figure 
6.7). Perennial springs were distributed on the negative side of axis 2 and positive side 
of axis 1, and largely separated from the intermittent springs. 
6.9 Larval Chironomidae temporal characteristics (meso-scale study) 
The previous section has outlined the larval Chironomidae biodiversity at a macro-scale 
(15 sites across the White Peak) and the influence of physical and chemical 
characteristics on the distribution of larval Chironomidae. This section outlines the 
results of the meso-scale approach (5 sites) to examine the larval Chironomidae 
biodiversity and distribution patterns at different times and within specific habitat 
patches. Sampling was undertaken at five different springs. The sites were selected 
based on specific habitat characteristics. Chironomidae species exhibita range of 
different voltinism 
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Table 6.10: Habitat characteristics at each spring within the White Peak 
Habitat ä g ö 
x 
- = Z r 
charac. lSprings vý m F 
ä: 
U oZ vý 3 
Q 
Va .ä o$ oýC 
m u 
Sand (%) 0 60 0 15 90 10 0 20 0 65 5 90 70 40 
Silt/Clay (%) 20 10 5 0 10 5 0 10 20 5 30 10 0 0 
Cobble/ (%) 70 30 20 70 0 70 80 70 80 20 60 0 30 30 
Gravel (%) 10 0 75 15 0 15 20 0 0 10 5 0 0 30 
Vegetation 
Cover (%) 80 0 10 5 5 10 0 0 50 80 70 90 60 
- 
0 
- 
Mean Flow 
Velocity (cm s") Velocity 
- 
.5 10 
5.2 0.7 9.3 16.2 
% Variation /Flow (%) 0 56.2 100 100 100 100 
and require different time scales to complete their life cycle. In addition, larval 
Chironomidae also known to swim non-directionally in the drift and are incapable of 
returning to the substrate quickly (Elliot, 1971). Taking more frequent samples may 
provide a realistic indication of faunal composition. Monthly data (12 sets of data over 
the year) within five springs were used to assess the temporal biodiversity and 
distribution patterns of larval Chironomidae. The specific characteristic of each spring 
(such as thermal spring, substrate mosaic, vegetation patches and flow regime) 
involved in the meso scale study are outlined in Chapter 4.2.2. 
6.9.1 Summary of meso-scale study 
A summary of larval Chironomidae biodiversity and distribution for the 12-month 
study period is shown in Table 6.11 and the full taxon lists are presented in Appendix 
6.2. Generally, Chironomidae density recorded during the monthly sampling 
programme exhibits a similar annual pattern to that of the bimonthly sampling 
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programme; that is high during the summer and autumn/spring and low during the 
winter period (Figure 6.8). However, examination of individual springs indicates that 
the strong annual abundance pattern was only recorded at Otter Hole spring and other 
springs exhibit markedly different annual patterns. The taxon richness was not strongly 
correlated with the abundance pattern (r = 0.458, p<0.05) (Figure 6.9). Five thousand 
and five hundred (5500) individuals were recorded during the meso-scale study, 
comprising 60 taxa. 
Diversity indices patterns for the 12-month sampling programme are shown in Table 
6.12. The diversity indices calculated are based on a combination of the five springs 
involved in the monthly sampling programme. The total number of taxa ranged from 10 
to 21. Diversity indices varied between sampling occasion. The highest Shannon- 
Weiner diversity index value recorded (1.892) was in June 2004 (5/7/2004) and the 
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Table 6.11: Chironomidae abundance for meso-sale study (monthly sampling at 5 
springs) 
° ö 
O 
N 
ö g 
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a 
O 
Ö 
Ö 
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0 
e 
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25 
0 ° 
AMILY: CHIRONOMIDAE 
Chironominae 
Chironomini 
Pol edillum convictum 1 1 2 4 
Pol dillum nubeculosum 1 1 1 3 
Tanytarsini 
renn sectra 1 1 
icro sectra 98 33 5 5 9 10 15 9 4 4 2 7 201 
insignilobus-type 1? 1 3 4 
radialis- ? I I 
imbocera 1 1 
ara sectra 40 1 1 3 45 
Tanytarsus 4 1 3 3 2 1 1 1 16 
Tan tarsus chinyensis I 1 
ANYPODINAE 1 2 1 4 1 3 1 2 2 17 
Prodlamesinae 
rodiamesa olivacea 53 4 2 3 1 1 64 
famesinae 
iamesa 1 4 1 4 28 19 101 9 167 
rthociadllnae 
rillie modesta 49 41 88 25 92 75 87 18 27 19 93 74 688 
Bryophaenocladius 2 
Cardiocladius 4 4 
Chaetocladius 3 5 8 
C. acuticornis 2 2 
C. dentiforce s 4 4 3 13 5 8 37 
C. piger 3 1 1 16 24 43 
C. vitellinus 1 28 2 8 4 43 
C. Cricoto us fuscus group 1 1 4 3 1 10 
C. Cricoto us bicinctus group 
C. Cricoto us tibialis group 4 4 8 
C. Cricoto us tremulus group 8 8 11 1 8 1 37 
C. Cricoto us trifascia group 3 3 
C. Nostococladius 1 1 2 
ukiefferiella sp. C 4 4 
ukieferiella brehmi 1 6 7 
ukleflerielle brevicalcar 2 12 12 3 13 42 
ukieffereilla c anew 8 22 2 1 33 
ukiefferiella devon/ca 1 1 2 
ukiefferiella gracei 12 12 8 1 1 7 38 79 
ukiefferiella minor 4 3 13 20 
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ukiefferiella s p. C 1 1 
eleinella 1 1 
eterotrissocladius marcidus 1 1 
eterotrissocladius oliver! 2 2 
et erotrissocladius subpilosus 4 4 
imno h es 2 2 1 3 1 9 
etriocnemus 15 15 
etriocnemus h ro tricus 2 2 
anocladius 2 2 
Oliveridia 6 6 
Orthocladius 3 3 
arametriocnemus 25 2 27 
ara haenocladius 1 1 
aratricocladius 48 1 6 3 10 68 
heocricoto us chalybeatus 1 15 16 
heocricoto us fuscipes 36 67 41 3 2 2 3 14 40 121 329 
Thienemannia 6 6 
Tvetenia 16 16 
Tvetenis sp. A 1 1 
Tvetenis calvescens 1677 460 350 162 213 51 27 57 100 104 36 130 3367 
Tvetenia cl eata 1 1 
Tvetenis discolori es I 1 
Tvetenia veralli 1 13 1 5 20 
otal 2024 635 613 212 333 170 175 128 230 224 311 445 5500 
lowest (0.676) was in July 2003 (29/7/2003), even though the latter date corresponds to 
the highest abundances. Generally, results indicate that the larval Chironomidae 
diversity increases towards the end of the study period (see Shannon-Weiner and 
Simpson index in Table 6.13). Berger-Parker dominance index exhibits the opposite 
pattern to the Shannon-Weiner and Simpson index. Pearson correlation coefficients 
indicate that the Shannon-Weiner and Simpson index exhibit similar patterns and have 
a strong negative relationship with Berger-Parker dominance index (Table 6.13). 
6.9.2 Biological results of individual spring from meso-scale study 
The five springs used in the meso-scale study were a subset of the macro-scale study 
(16 springs). The physical characteristics of the sites have been described in Chapter 
3.5.1 and only distinct characters for each spring are outlined in the following section. 
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Stoney Middleton Spring (Si) 
This permanent thermal spring had low dissolve oxygen concentrations and stable 
water temperature year round. It was characterised by high sulphate, sodium, and 
calcium concentrations and consequently had high conductivity. The mean annual 
water temperature for this spring was 16.9° C, almost 9° C higher than mean annual 
local air temperature. Stoney Middleton is predominantly characterised by cobble 
substrate. The spring is partially shaded by woodland and large volumes of debris 
(fallen leaves and small branches) cover the substrate. The site experiences slow 
Table 6.12: Analysis of variance of water characteristics between spring for meso 
scale study 
df Mean Square F Sig. 
Dissolved oxygen 4 101.691 71.266 . 000* 
pH 4 . 101 1.296 . 
284 
Conductivity 4 356954.911 50.407 . 000' 
Temperature 4 180.247 140.334 . 000* 
Mean flow velocity 4 8333.702 4.870 . 002* 
Nitrate 4 636.184 5.111 . 002* 
Phosphate 4 8.852 1.234 . 310 
Sulphate 4 19268.916 23.212 . 000' 
Sodium 4 713.027 3.378 . 
016' 
Potassium 4 5.438 . 386 . 818 
Magnesium 4 405.913 5.612 . 001' 
Calcium 4 8285.690 1.099 . 367 
<Note: '= significant at p 0.05 
flow velocities most of the year (see Appendix 5.1) and is pond-like during some 
periods. A total of fifty-nine (59) individuals, represented by 15 taxa were recorded 
over the study period. The dominant taxa was Chaetocladius piger (Orthocladiinae 
subfamily) - 20 individuals followed by Micropsectra (Chironominae), 13 individuals. 
C. piger was only present on one accasion (March 04 sampling occasion), whereas 
Micropsectra was recorded during four of the twelve sampling occasions. 
Bradwell Spring (S2) 
Bradwell spring is an unshaded perennial spring, located close to a resident area. This 
spring is characterised by coarse sand substrate and Ranunculus (submerged 
macrophyte). This submerged macrophyte dominated (90% of spring water surface) all 
year round except during May 04, but recovered in June 04 to 20% of surface cover. 
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Nitrate concentrations recorded at this site wer much higher than the Other lien- springs 
(annual average 23.34 ± 18.119 mg 1-' ). 
A total of three hundred and fitly (350) individual ('hironumidac larvae w ere recorded 
from this spring and contribute 6.1 % (second highest) of the total larval ('hironomidae 
recorded during monthly sampling programnme. Orthocladiinac was the dominant 
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subfamily (84.5% of total larval Chironomidae in this spring) followed by the 
subfamily Diamesinae (12.2%). Rheocricotopus fuscipes. Brillia modesta 
(Orthocladiinae subfamily) and Diamesa (Diamesinae) were the dominant species/taxa 
recorded and other taxa were present with a more uniform abundance. The larval 
Chironomidae abundance was highest in September 03 and contributed 53.7% of the 
total chironomids recorded. 
Table 6.13: Pearson correlation coefficients between diversity indices for the mesa 
scale study springs 
Shannon- 
Weiner 
Simpson Margalef Equitability Berger-Parker 
Shannon-Weiner 1 . 
956(*") . 592(*) 
1.000(**) -. 934(**) 
Simpson . 956(**) 1 . 500 . 956(**) -. 971(**) 
Margalef 
. 592(*) . 
500 1 . 593(*) -. 
447 
Equitability 1.000(**) . 956(**) . 593(*) 
1 -. 933(**) 
Berger-Parker -. 934(**) -. 971(**) -. 447 -. 933(**) 1 
Correlation is signiticant at the 0.01 level (2-tailed). 
' Correlation is significant at the 0.05 level (2-tailed). 
Otter Hole Spring (S9) 
Otter Hole perennial spring was characterised by high mean flow velocity and the 
presence of aquatic moss covering cobble surfaces. The spring is unshaded and located 
within the livestock grazing area. In total, four thousand nine hundred and eight (4908) 
Chironomidae larvae were recorded from this spring, and is the highest proportion of 
the monthly sampling programme (the highest abundance). The spring exhibits a strong 
annual abundance pattern (high in summer and low abundance in winter). 37 taxa were 
recorded, and from this Orthocladiinae was the dominant subfamily contributing 92.7% 
of the total chironomids larvae from this spring. Tvetenia calvescens was the dominant 
species (3256 individual - 71.5% of total Orthocladiinae) recorded followed by 
Rheocricotopus fuscipes (589 individuals) and Brillia modesta (474 individuals). 
Chironominae (tribe Tanytarsini) was the second most abundant subfamily (4.4% of 
total chironomids). Tanytarsini tribe was primarily represented by Micropsectra (163 
individual recorded). 
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Litton Mill Spring (S11) 
Litton Mill was the only intermittent spring examined during the monthly sampling 
programme. Litton Mill spring was dry from August 03 to November 03. Mean flow 
velocity was variable during the study period. This spring is shaded by surrounding 
woodland trees and the substrate characterised by cobbles with fine silts and clays 
covering the substrate surface. 
Three hundred and thirty eight (338) individuals were recorded from this spring. 
Orthocladiinae were the dominant coldwater spring subfamily, contributing 88.2% of 
total larval abundance followed by Diamesinae 11.8%. Chironominae was only 
represented by the tribe Tanytarsini, which contributed 8% of the total larval 
abundance. Brillia modesta (Orthocladiinae subfamily) was the dominant species (107 
individuals). The highest abundance, in December 03 (135 individuals), occurred 
immediately after the spring was dry for 3 months. Tvetenia calvescens colonised the 
spring rapidly with 50 individuals recorded on the resumption of flow. 
Lees Bottom Spring (S15) 
This perennial spring is characterised by a mineral substrate and shaded by the tree 
canopy surrounding it. Sand substrate and cobble-sized tufa, free from aquatic 
vegetation, characterise the spring. The groundwater bubbles up through the substrate 
and creates turbulence at the substrate surface. A total of 110 individual chironomids 
were recorded and 25 taxa. Larval Chironomidae abundance increased markedly from 
March 04 to June 04. Orthocladiinae were the dominant subfamily and contributed 
84.5% of the total chironomids recorded. This spring supported a number of different 
taxa compared to the other springs examined in the meso-scale study. 
Parametriocnemus was the dominant taxa (25 individuals) followed by Chaetocladius 
dentiforceps (15 individuals). 
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6.10 DISCUSSION. 
6.10.1 Chironomidae abundance and distribution (macro-scale Study) 
This section discusses the biodiversity of Chironomidae at the macro-scale (White Peak 
- regional investigation) which examined biodiversity of larval Chironomidae within 
thermal and coldwater springs, perennial springs and intermittent springs. The 
distribution, abundance and taxa richness patterns of larval Chironomidae within 
different springs characteristics were examined. In addition, the environmental 
influences on the larval Chironomidae present, their distribution and taxon richness is 
also discussed and examined in detail. The discussion for the meso-scale study involves 
the examination of water quality patterns at particular spring (with different distinct 
characters) spatially and temporally to assess the homogeneity of water quality between 
springs. The influence of individual spring physical characteristics on the larval 
Chironomidae biodiversity and distribution patterns are discussed. 
Chironomidae in spring ecosystems were first studied by Steinmann (1907) and 
Bornhauser (1912) in upland and lowland streams in Germany. Only three to five 
different types of Chironomidae were recorded from the springs due to the inadequate 
taxonomy at that time. It is now acknowledged worldwide that springs support high 
diversities of Chironomidae, although their diversity and distribution within individual 
springs may be highly variable (Ferrington, 1998). A study of chironomid larvae at 
various springs in United States (25 central plain of the country, 2 in Kansas, 2 high 
alpine in Park Country, 2 in Garden county and Dundy county in Nebraska and 1 in 
Clearfield country forest Pennsylvania) reported a total of 178 species of Chironomidae 
larvae were recorded (see Ferrington, 1998). A comprehensive review of Chironomidae 
in coldwater springs within Europe has been undertaken and indicated that within 
Europe a total of 218 Chironomidae species have been recorded from numerous springs 
covering a wide range of geographical locations (Ferrington, 1998; Lindergaard, 1995). 
The results of the present study indicate that the larval Chironomidae present in 
limestone springs were spatially (between springs) and temporally (during the study 
period) variable and is comparable to other studies (Lindergaad, 1995; Ferrington, 
1998; Colbo, 1991). From the seventy-nine (79) taxa recorded in the limestone springs, 
Orthocladiinae were the dominant subfamily, contributing 83.1% of the total 
abundance. Orthocladiinae are widely acknowledged to be highly adapted to coldwater 
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lotic ecosystems and Tvetenia calvescens, Brillia modesta, Rheocricotopus fuscipes, 
Chaetocladius spp. have been recorded at high densities in others studies (Ferrington, 
1998; Rossaro and Meitto, 1998; Pinder, 1986; Oliver, 1971). The remaining 
subfamilies only contributed 16.9% of the total population. These subfamilies 
(Chironominae -Chironomini/Tanytarsini, Podonominae, Diamesinae and 
Prodiamesinae) have similar physical requirements but contain far fewer genera 
(Pinder, 1986). Micropsectra, Chironomus (Chironominae), Diamesa (Diamesinae) and 
Prodiamesa olivacea (Prodiamesinae) were frequently recorded but at low abundances. 
Total larval Chironomidae abundance in this study exhibited a distinct annual pattern 
with high abundances in the summer and lower numbers in the winter period (except 
intermittent springs, where chironomids larval abundance fluctuated randomly within 
year-round). 
Springs are known for the stability of their abiotic conditions such as water chemistry, 
temperature and discharge (Glazier and Gooch, 1987), although despite this there may 
still be marked annual variation in primary and secondary production (Iversen, 1988). 
This study found that limestone spring water chemistry was relatively homogenous 
between springs. Similar results have been reported in previous studies (Wood et al., 
2005; Smith et al., 2003). However, distinct variations were observed when comparing 
springs with markedly different characteristics, such as thermal and coldwater springs, 
and perennial and intermittent springs. 
Diversity indices (Shannon-Weiner, Simpson, Margalef, Equitability and Berger- 
Parker) only utilise community abundance and taxa richness in their derivation but can 
be used to examine differences in spring ecosystem quality. The presence and 
abundance of the biotic community in aquatic ecosystems is strongly related to the 
interactions with the surrounding physical and chemical environment (Odum, 1957), 
and also biotic interactions at different levels in the faunal communities (Primack, 
1995). When all springs were pooled, diversity indices (Shannon-Weiner, Simpson, 
Margalef, Equitability and Berger-Parker dominance index) indicated that the study 
sites supported a large number of larval chironomid taxa at varying abundances. The 
justification for using diversity indices as descriptors of ecosystem quality is that they 
incorporate no assumptions as to the relative tolerances of taxa (Pinder and Farr, 1987). 
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Diversity indices (see Table 6.4) indicate that most of springs are inhabited by a range 
of larval Chironomidae with varying taxon richness. Some springs were dominated by a 
few taxa (such as Otter Hole and Golf Ball Rising), although other taxa were also 
present at moderate abundances resulting in relatively high diversity indices. Only Wye 
Head spring had a Shannon-Weiner index value of less than I due to the dominance of 
Prodiamesa olivacea (28 individuals). The remaining six taxa recorded at this site had 
low abundances - less than 5 individuals over the entire study period. 
6.10.2 Thermal vs coldwater springs 
Thermal springs 
Thermal springs are unique environments that normally have high water temperature 
and elevated ionic concentrations (e. g. sulphate and calcium) (Pritchard, 1991; Hayford 
et al., 1995). To avoid confusion in terminology, this study uses the definition proposed 
by Pritchard (1991) to classify a thermal spring. Thermal springs are recognised to have 
an average water temperature above the mean-annual air temperature of the given 
region. Thermal springs around the world support similar insect faunal communities 
(Diptera, Coleoptera, Hemiptera and Odonata). Diptera have often been reported as the 
most abundant and diverse insect order in thermal springs (e. g. Hayford et al., 1995). 
This study found that individual thermal springs supported relatively few species (taxa 
richness) and low densities of individuals; although this was slightly higher than 
intermittent springs (Table 6.14). Thermal stability, and the consequent reduction of 
thermal niche is acknowledge to cause low diversity in all types of thermal springs 
(Ward and Stanford, 1982), and Pritchard (1991) reported that the actual water 
temperature is also important in determining community composition. Stoney 
Middleton, which has an average spring water temperature 16.9°C supported only 31 
individuals (0.4% of the total recorded in this study) while Tricket Sough a semi- 
thermal spring (mean water temperature is 12.2°C) supported 182 individuals (2.4% of 
the total). Mean water temperature for Tricket Sough spring is 4.1'C above local 
ambient air temperature (8°C) and supported a higher Chironomidae abundance (six 
times higher) and diversity (double) than Stoney Middleton spring. Hayford et al., 
(1995) found a clear negative correlation between chironomid abundance with 
temperature, with chironomids being most abundant at temperatures below 30°C and 
almost absent at temperatures close to 40°C. Similar result was also obtained by 
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Lamberti and Resh (1983) in their study on streams at Litte Geysers, California. They 
reported that macroinvertebrates species richness gradually reduced from 15 (at 27°C) 
to 0 (at 45°C) with marked changes in the dominant species along the temperature 
gradient. 
In this study the subfamily Orthocladiiane was the dominant group recorded at thermal 
springs. Orthocladiinae contribute 80% of total individual at Stoney Middleton and 
59.6% at Tricket Sough, even though this subfamily is recognised as a cold- 
stenothermic group. The two thermal springs in this study have a temperature within 4- 
9°C of the mean annual local region air temperature. This is relatively low compared to 
other studies centred on thermal springs where the mean annual water temperature may 
be in excess of 20 °C above ambient air temperature (Pritchard, 1991). This may almost 
certainly explains Orthocladiinae dominate in both thermal springs in this study. 
Table 6.14: The Chironomidae density and taxa richness in thermal springs 
Subfamily Densi Diversity Dominant Taxon 
No. of ind. % No. of taxa % 
Orthocladiinae 134 62.9 6 27.3 Chaetocladius 
piger 
Diamesinae 1 0.49 1 4.55 
Chironominae 55 25.8 13 59.1 Chironomus 
Prodiamesinae 22 10.3 1 4.55 
Tanypodinae 1 0.49 1 4.55 
The subfamily Chironominae accounted for a higher proportion of the taxa in thermal 
springs than the coldwater springs (12.9% at Stoney Middleton and 28% at Tricket 
Sough). The characteristic taxa recorded from the thermal springs in this study were the 
genus Polypedillum spp., Micropsectra and Chironomus spp. Similar results have been 
reported for thermal springs in other geographical locations (e. g. Colbo, 1991; Hayford 
et al., 1995). Sublette (1960) and Robinson and Turner (1975) reported that 
Polypedillum (subfamily Chironominae) was the dominant genus in thermal springs. 
Hayford et al., (1995) in their study on Colorado Poncha thermal spring (USA) found 
the subfamily Chironominae (Paratendipes spp., Micropsectra sp., Polypedillum and 
Tanytarsus) and Orthocladiinae (Cricotopus sp. and Rheocricotopus) were dominant 
within the thermal spring. Micropsectra (Chironomini Tribe) have been reported from 
thermal springs and also in a wide range of other habitats (Pinder and Reiss, 1983). 
Another Chironominae (tribe Tanytarsini), Paratendipes thermophilus was recorded in 
110 
several western Unites States thermal springs (Hayford et al., 1995). Townes (1945) 
first recorded Paratendipes thermophilus from hot a spring in Arizona, Saratoga 
Springs and New Mexican River (Sublette, 1960). However, this taxa was not found in 
the thermal springs within the White Peak area. Chaetocladius suecicus and C. 
vitellinus (subfamily Orthocladiinae) were the dominant species at Tricket Sough 
followed by Chironomus spp (Chironominae subfamily) and Prodiamesa olivacea 
(Prodiamesinae subfamily). Stoney Middleton spring only supported seven taxa and 
Chaetocladius piger was the dominant taxa. 
Both thermal springs in this study have relatively low diversity indices (Shannon- 
Weiner and Simpson, Margalef index) compared to most coldwater springs (see Table 
6.4). Howell and Gentry (1974) in their study of the effect of thermal effluent on 
macroinvertebrate communities demonstrated that the Shannon-Weiner index at 
impacted sites was lower (z 1) than unimpacted stream (z 4). This correspondent with 
the finding of this study that the higher the temperature the lower the species richness. 
Coldwater springs 
Larval Chironomidae in the coldwater springs in this study were more abundant and 
taxa rich compared to the thermal springs. The subfamily Orthocladiinae was found to 
be dominant in all coldwater springs and contributed 83.7% of the total abundance. A 
similar pattern was reported for Orthocladiinae within other European and North 
American coldwater springs (e. g. Ferrington, 1998). Rossaro and Meitto (1998) 
reported that the genus Eukiefferiella, Tvetenia and Paratrichocladius were 
characteristic of cold running waters and the genus Diamesa and Pseudodiamesa were 
strictly restricted to cold water. Hawtin (1998) demonstrated that the species Diamesa 
hamaticornis, Cricotopus pulchripes, Polypedillum convictum and Eukiefferiella 
species were associated with small streams with high dissolved oxygen concentrations 
and coarse substrates, similar to most coldwater springs. 
Larval Chironomidae (genus level) distribution in coldwater springs is shown in 
(Figure 6.10). Brillia, Chaetocladius and Rheocricotopus, (subfamily Orthocladiinae) 
are ubiquitous genera, and present in 13,13 and 8 coldwater springs respectively. 
Orthocladinae were found to occupy the widest range of habitats of all chironomids 
(Oliver, 1971). Brillia species prefer to inhabit vegetable debris (Rossaro, 1992) and 
111 
Eukie/Jeric'/la species are primarily recorded high flow velocity sites whereas ý, cnus 
Chirononrtrs and GlJptolendipes prefer standing water (Rossare and Meitto, 1998). 
Similar results were found in this study where high abundance of some species taxa are 
strictly bound to the unique characteristics of the springs. Bri/lia /uo(/est(z were found 
dense in coldwater springs with submerged aquatic plants and sandy substrates. 
Rheocricotopirs fuscipes and 7'vetenia calvescefts were recorded at sites with fast mean 
flow velocity and with cobble substrate and Poll pedilluin at slow flowing sites with 
silty substrates. 
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Figure 6.10: Coldwater Chirononºidae abundance and density (macro- 
scale study) 
The diversity indices for coldwater springs vary markedly between springs, which 
reflects to the different characteristics of the springs (see Table 6.4). The diversity 
indices tör coldwater springs were higher than ti)r thermal springs. Although direct 
comparison is difficult due to the different sample sire, the values can be used to 
examine the variation in diversity indices values. Both springs have little variation in 
diversity indices except for Simpson index which was highly variable in coldwatcr 
springs. Although the Simpson index has been reported to less affected by sample site 
and level of taxonomic resolution (Pinder and Farr, 1987), this study indicates that it is 
more sensitive to differences in spring ecosystems. 
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6.10.3 Perennial vs intermittent springs 
Perennial springs are recognised as supporting higher diversities of invertebrates 
compared to intermittent springs (McCabe, 1998). This is because the continuous flow 
provides a consistent habitat and food supply to enable invertebrates to complete their 
life cycle. In addition, perennial springs are characterised by a relatively stable thermal 
regime throughout the year (Smith et al., 2003). 
The results of this study indicate however that the chironomid community of the three 
intermittent springs were not markedly different from the perennial springs (see Figure 
6.5a). The CCA biplot indicates that both groups of springs are inhabited by similar 
taxa, with the exception of the genus Prodiamesa (Prodiamesinae) and Oliveridia 
(Orthocladiinae) which were only recorded in intermittent springs. Even though 
dissolved oxygen and conductivity concentrations were found to significantly differ 
between perennial and intermittent springs (only when thermal springs were included), 
it does not appear to influence the Chironomidae larvae distribution within springs 
across the White Peak (see Figure 6.5b). Wood et al., (2005) reported that the ionic 
compositions of the springwaters in the White Peak were generally similar, and water 
quality did not exert a significant influence on macroinvertebrate community structure 
within the springs. 
Although there were a number of ubiquitous Chironomidae taxa, common to both 
perennial and intermittent springs, their relative abundance was unequal. Ninety-seven 
(97%) of chironomid larval abundance was recorded within the perennial springs. 
Twenty-four taxa (30.4%) were common to perennial and intermittent springs. (Table 
6.15). Wood et al., (2005) in their study reported that invertebrates in perennial and 
intermittent springs in White Peak displayed a significant differences in the number of 
taxa, abundance and diversity indices at the regional scale, but were similar when 
compared at high discharge (when all springs were flowing). 
113 
6.10.4 Spring physical characteristics and their influence to Chironomidae 
structure 
The physical structure of habitat within individual springs had the greatest influence on 
the taxonomic composition of larval Chironomidae (Gooch and Glazier, 1991; 
Ferrington, 1998) and plays a key role in determining the structure of the Chironomidae 
community (Orendt, 2000). The dominant substratum type, presence of aquatic 
vegetation and surrounding catchments have been reported to govern taxonomic 
composition at a restricted scales (Ferrington, 1998). Many invertebrates found in 
springs are tightly bound to the unique characteristics of these habitats (of which 
Chironomidae represent a high proportion) (Orendt, 2000). However, a number of 
Chironomidae taxa are also known to be opportunistic taxa and as a result their 
response to different environmental factors is often difficult to predict (Rossaro, 1992). 
Table 6.15: Ubiquitous taxa present in both perennial and intermittent springs 
Taxon 
Intermittent 
springs 
Perennial 
springs 
of edillum nubecolusom 3 41 
Micro sectra 10 293 
ara sectra 1 19 
Tan tarsus 6 53 
Tanypodinae 4 40 
rodiamesa olivacea 6 135 
iamesa 56 509 
rillia modesta 56 656 
Chaetocladius 8 50 
Chaetocladius denti orce s 7 77 
Chaetocladius piger 29 53 
Chaetocladius vitellinus 7 300 
C. Cricoto us uscus group 1 9 
C. Cricoto us tremulus group 9 81 
ukie eriella brevicalcar 2 15 
gracei 2 176 
eterotrissocladius oliveri 1 3 
imnohes 1 3 
arametriocnemus 2 37 
ara haenocladius 2 4 
aratricocladius 2 151 
heocricoto us chalybeatus 1 25 
sci es 11 783 
Tvetenia calvescens 4 3119 
Total (% of total Ind. 231 (3%) 6632(97%) 
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The fifteen springs analysed in this study had variable substrate composition (see Table 
5.10). It is also difficult to categorise all springs into clear groups because each had 
variable characteristics. A principle components analysis (PCA) was undertaken using 
the spring's substrate composition and result indicates that intermittent springs were 
different from perennial springs (located on the periphery of the ordination diagram) 
(see Figure 6.7). Generally, perennial springs were characterised by coarse mineral 
substrates (cobble, sand and gravel substrates) and intermittent springs by finer grained 
mineral substrates (silt/clay and finer sand). 
While springs have relatively constant water quality throughout the year, there was still 
marked variation in external factors such as the volume of submerged or emergent 
vegetation and marginal vegetation. This may strongly influence the habitat present and 
the resulting biological community. Results from this study indicate that springs within 
the White Peak can be characterised into two groups with regards to their substratum: i) 
springs with submerged vegetation and ii) springs with mineral substrates. A 
substantial increase in the surface area available for colonisation by invertebrates 
occurs where there is a significant growth of aquatic vegetation. Previous studies 
indicated a positive relationship between the abundance/diversity of Chironomidae and 
the distribution and abundance of macrophytes (Pinder, 1977; Moore, 1980). 
A threshold of 50% vegetation cover was used to distinguish between highly vegetated 
and poorly vegetated spring groups. However, observations indicate that the majority of 
sites were either completely dominated by vegetation (>70%) or had very little 
vegetation cover (<20%). This finding allowed the influence of vegetation on larval 
Chironomidae to be measured. Comparisons indicate that springs with abundant 
submerged vegetation supported a higher density and diversity of Chironomidae larvae 
than springs without submerged vegetation (Figure 6.11). Springs with submerged 
vegetation also supported higher taxa richness and abundance than poorly-vegetated 
springs. A one-sample t-test (SPSS Ver 12.0) analysis indicated that springs with 
submerged vegetation exhibited significantly higher density and diversity indices than 
the poorly-vegetated springs (t = 0.000, n= 14 p< 0.05). 
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Figure 6.11: Chironomidac taxa richness and abundance (percentage) for higly 
vegetated and low vegetated springs 
Detren(led correspondence analysis (DCA) was used to examine the distribution ul 
larval C, hironomidae upon different springs types. Two dit-tercnt approaches were 
undertaken to examine association between physical habitat and larval Chironomidac 
distribution: i) larval Chironomidae distribution between vegetated and poorly- 
vegetated springs (Figure 6.12a) and ii) larval Chironomidac distribution between 
different spring minerals (Figure 6.12b). Six of the fifteen springs in this study have 
high volume/abundance of submerged vegetation and eight were dominated by mineral 
substrates. The DC'A Plot (Figure 6.12a) indicates that larval Chironomidae suhfämilics 
were not clearly separated between vegetated and non-vegetated springs. 
Orthocladiinae and Chironominae appear relatively randomly distributed. I lovw, ever, the 
subfämily Diamesinae appears to he associated with vegetated springs and the 
subfamily Prodiamesinae appears to be associated with mineral substrates. Larval 
Chironomidac distribution in springs with a variety of mineral substrates is shown in 
(Figure 6.12b). Orthocladiinac exhibits the widest distribution and are difficult to 
associate with any spccitic spring type. 
Overall comparison between diversity indices with physical characteristics (flow 
variability, mineral substrates and submerged vegetation) is given in Figure 6.13. "I'he 
comparison of diversity indices between vegetated and non-% egetated spring is shown 
in Figure 6.13iii and result clearly indicates that springs with submerged vegetation 
have higher diversity indices and a markedly lower Berber-Parker dominance index. 
Springs with moss covering the cobble substrates (Otter I Iolc Se)) supported very 
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high densities of chironomid larvae compared to other springs. Otter Hole spring 
supported 45.8% of the total Chironomidae larvae in this study. This spring also 
supported the third highest number of taxa (35.4% of total taxa). Previous studies have 
reported similar results of high population densities at springs with mosses (50 - 100 
times greater than other substrates) (Percival and Whitehead, 1929; Brusven et al., 
1990). This study found that filamentous algae supported higher taxon richness and 
lower abundance when compared to the submerged moss. Green algae were recorded at 
the edge of Russet Well spring (S6) where the sampling was undertaken. These algae 
were found in abundance at Slop Moll spring (S5) during the summer period (low flow 
period). Both of these spring supported higher diversities of Chironomidae larvae, but 
at lower densities when compared to moss covered substrates. 
Rheocricotopus fuscipes and Eukiefferiella gracei (Subfamily Orthocladiinae) were 
dominant at Russet Well spring and Chaetocladius vitellinus and Rheocricotopus 
fuscipes (Orthocladiinae subfamily) and Diamesa (Diamesinae subfamily) were 
dominant at Slop Moll spring (Chlorophyta). Russet Well spring (S6), supported the 
highest larval Chironomidae taxa richness and as a result had highest Shannon-Weiner 
and Margalef index (2.42 and 5.168) respectively. A similar result was obtained for 
Slop Moll spring (S5), which supported 9% of the total Chironomidae abundance, 37% 
of the total taxa richness and had a Shannon-Weiner diversity index > 2. 
The submerged macrophyte Ranunculus was found at Bradwell spring (S2) and 
covered approximately 60% to 80% of substrate surface. This submerged macrophyte 
predominately supported Orthoclads (Brillia modesta, Eukiefferiella spp and 
Chaetocladius spp) and supported a higher diversity and lower density of the 
Chironomidae larvae (4.5% of total individual and 21 taxa) compared to filamentous 
green algae. Rossaro (1992) reported that Brillia species utilise vegetable debris as a 
primary source of food. 
Cobbles and gravel are important substrates in spring along with submerged vegetation. 
Coarse grained substrates are predominately associated with high to moderate flow 
velocity rates (see Figure 6.13). Springs with sandy substrates exhibit higher diversity 
indices compared to cobble and gravel dominated springs. However, three of the sandy 
substrate springs are associated with the submerged vegetation (e. g. Bradwell - S2, 
Slop Moll -S5 and Millerdale - S12). 
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6.11 Summary 
This chapter outlines the results of larval Chironomidae biodiversity at the i) macro scale and ii) meso 
scale of study within the White Peak, Derbyshire. The study at macro scale involved sampling bi- 
monthly for a 12-month period and analysis of larval Chironomidae from 15 springs. This study 
discovered the biodiversity of larval Chironomidae at wide range of spring types. Biological data 
obtained were analysed using diversity indices, multivariate and ordination analysis. Biological data 
were also analysed for similarity and difference between springs. Water chemistry and physical 
characteristics (substrate, submerged vegetation, discharge) of the springs were used to describe the 
spring's `habitat quality' and used to examine the influence of environmental, physical and chemical 
characteristics on larval Chironomidae biodiversity. Springs were classified into different groups, such as 
thermal spring, coldwater spring, perennial springs and intermittent springs in order to examine their 
influence on the larval Chironomidae biodiversity. More frequent sampling (monthly sampling) data of a 
limited number of sites (5 spings) were used to examine the role of spring characteristics on larval 
Chironomidae biodiversity. 
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CHAPTER 7: LONGITUDINAL AND SEASONAL DISTRIBUTION OF 
CHIRONOMIDAE ALONG A PERENNIAL SPRING 
7.1 Introduction 
This chapter presents the result of a longitudinal study of one perennial spring (Lees 
Bottom - S15) to examine larval Chironomidae distribution along the spring brook 
spatially and temporally. The eucrenal zone of a spring is known to have unique habitat 
characteristics and biological community, which is markedly different to that of the 
springbrook (hypocrenal zone). Longitudinal studies of springbrook systems have been 
conducted by several previous researchers, and normally involve the selection of stations at 
regular intervals along the springbrook (e. g. Resh, 1983; Williams and Hogg, 1988). In 
most spring systems, diversity increases from the source to the lower reaches of the brooks 
(Lindegaard, 1995) and only in exceptional cases is the reverse true (Orendt, 2000). 
Chironomids are known to swim non-directionally in the drift (Drake, 1983), are incapable 
of a rapid return to the substrate (Elliott, 1971) and as a result tend to be carried long 
distances downstream in the drift (Davies, 1976). As a result, random dispersal as an adult 
is a first step towards finding suitable habitats. Springs with different physical habitat 
characteristics will be inhabited by different larval chironomid species. This chapter also 
outlines the spring water characteristics (physical and chemical) at the source and along the 
springbrook. In addition, various environmental characteristics within the spring are 
examined to assess their role in shaping the larval Chironomidae community. 
7.2 Study sites 
The spring involved in this study is Lees Bottom (S15), which flows into the River Wye 
approximately 60 m downstream. This perennial spring is located approximately 2-km 
northwest of the village of Ashford in the Water. The spring is fully shaded by surrounding 
hardwood trees and the spring is characterised by groundwater bubbling up through the 
bed, creating a constant disturbance to the substrate. The spring source is located at slightly 
higher elevation and flows over various substrates before joining the River Wye. The 
sketch map for Lees Bottom spring and its springbrook is shown in Figure 7.1. The flow 
velocity was variable during the study period but was very slow along the springbrook 
during the summer period. The springbrook had a relatively constant channel width, 
approximately one metre along the springbrook. This spring was chosen for the study due 
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to its low annual flow velocity variability and substrates heterogeneity. Six sampling sites 
were identified from the spring source along the springbrook (Figure 7.1). A summary of 
the physical and chemical characteristics of the sample sites are given in Table 7.1, and 
raw data for each site is presented in Appendix 7.1. The first site (site a) was located at the 
point of groundwater emergence (eucrenal zone). This site was characterised by coarse 
sand and cobble size tufa, and water depth ranged from 2 cm to 15 cm (Photograph 7.1). 
Bubbling at the spring source was observed on every sampling occasion and is 
characteristic of a degassing spring. Site two (site b) was located approximately 2m 
downstream of the spring source. This site had very different physical characteristics 
compared to the eucrenal zone (Site a) (Photograph 7.1). Cobbles were the major substrate 
with mosses found attached to most cobble surfaces. A lot of debris (woods and leaves) 
formed part of the substrate at this site and the water level was shallow, typically less than 
5 cm. The third sampling site (Site c) was located about I Om downstream and had a cobble 
substrate (Photograph 7.2). Sites four through six (site d, e, f) were located at a lower 
elevation and silt was the major substrate and water depth was shallow < 3.5cm 
(Photograph 7.3). 
7.3 Hypothessis and Objectives 
It is hypothesised that the Chironmoidae community will change longitudinally within 
a springbrook reflecting changes in instream habitat and water characterisitics (e. g. 
water temperature). 
The objectives of this chapter are to; 
" Analyse variations in Chironomidae community structure longitudinally within a 
spring and springbrook ecosystem 
" Examine the factors influencing the microdistribution of larval Chironomidae with 
a springbrook ecosystem 
7.4 Investigation methodology 
Sampling was undertaken at monthly intervals for a 12-month period between July 2003 to 
June 2004. The first samples were collected in July 2003 at the spring source and the 
remaining sites were sampled for the first time during August 2003. As a result, sampling 
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of water and chironomid larvae was undertaken eleven (11) times. Water and chironomid 
larvae samples were collected using identical protocols to those described in Chapter 4.3.3 
and 4.7.1 respectively. Sampling was undertaken from the most downstream site (Site f) 
and preceded up-stream direction (approximately 60m along springbrook) to prevent any 
disturbance prior to sampling. This protocol reduces the impact of sampling disturbance on 
the small spring ecosystem. In addition to the 
Photograph 7.1: Lees Bottom spring source (Site a) and nearest springbrook site 
(site b) 
sampling, in situ measurements were undertaken for dissolved oxygen, pH, conductivity 
and mean flow velocity. Water samples were collected for analysis of anions (nitrate, 
phosphate and sulphate) and cations (potassium, sodium, magnesium and calcium). The 
detailed procedures for the analysis of physical characteristics and water quality have been 
outlined in Chapter 4.6. Substrate characteristics were recorded based on visual 
observations and classified as a percentage of the composition. The visual estimation of 
habitat characteristics was undertaken according to the proportion of each substrate type as 
described by Cummins, (1962) (Appendix 7.2). Vegetation cover/canopy was also based 
on visual observations. Data were used to investigate the temporal variation of water 
quality within the spring and springbrook temporally. Dissolved oxygen and sodium data 
were transformed (logla) prior to analysis due to the non-normal distribution of the data. 
Analysis of variance (ANOVA SPSS Ver. 12) was used to examine for significant 
differences in data spatially and temporally. 
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Photograph 7.2: Site c of Lees Bottom springbrook indicating the cobble 
dominated substrate 
7.5 Result 
7.5.1 Physical habitat characteristics 
The physical and chemical parameters for the sites are presented in Table 7.1. In 
general, each site has markedly different physical characteristics but similar chemical 
characteristics. The canopy cover/vegetation cover varied naturally seasonally and the 
maximum cover occurred during the summer period and was lowest during the winter. 
The sites close to spring source have coarser substrates which grade to finer substrates 
downstream. Although Lees Bottom is a perennial spring, the water did not flow along 
its entire length between September to November 2003 due to low groundwater levels. 
Only site a, (spring source) had free water during this period. Although no obvious flow 
was observed from the spring source during this period, the springbrook substrates 
remained wet indicating very low flow still occurred. However, sampling could not be 
undertaken since water depth was too shallow. Site a (spring source) was characterised 
by sand substrate and groundwater bubbling occurred creating turbulence. The spring 
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source was similar to a limnocrene, (which is less than Im wide) and flow only occurr 
if the water level was higher than the pool lip. Water depth varied temporally and 
ranged from 2- 17cm and average mean indicative flow velocity was 8.8 ± 2.2 cm s"I. 
Site b was characterised by shallow water (average: 2.7 cm) and average mean flow 
velocity was 15.5 f 3.7 cm s"1. Site c was similar to site b in terms of water level and 
mean flow velocity (Table 7.1). Site d and site e were characterised by higher mean 
flow velocities (25.0 ± 10.4 cm s' and 24.4 ± 11.8 cm s') and shallow water depth (< 
3.5 cm). Site f, which was located approximately 60 m downstream, was characterised 
by the shallowest water depth (2.6 cm) and slow mean flow velocity (12.1 ± 2.8 cm s-1). 
10 
PL 
6. -114 
Photograph 7.3: Lees Bottom springbrook located before it joins the River Wye 
(section includes sites d, e and f) 
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7.5.2 Physical and chemical water characteristics 
The physical and chemical parameters data were plotted using Principle Component 
Analysis (PCA) and shown in Figure 7.2. In general, the headwater sites (site a, site b 
and site c) were separated from the lower reach sites on Axis 1. Conductivity and 
potassium are most highly correlated with the positive side Axis 1, and dissolved 
oxygen, sulphate, pH and temperature correlated with the negative side of Axis 1. Three 
lower reach sites were characterised by tree canopy cover. Site b and site c were 
separated from site a (spring source) on Axis 2 and characterised by higher nitrate, 
potassium and sodium concentrations and lower conductivity and water depth (Figure 
7.2). 
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Figure 7.2: PCA biplot for physical and chemical characteristics of six 
sampling sites within the Lees Bottom spring and springbrook 
Physical and chemical water characteristics at the spring source and along the 
springbrook were broadly similar (Table 7.1). Only pH concentration increased in a 
downstream direction, and other parameter concentrations fluctuated considerably and 
did not exhibit any particular pattern. Chemical parameters (anions and cations) did not 
exhibit any clear pattern along the springbrook and only appeared to fluctuate spatially 
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and temporally. Sulphate was the only parameter found to be higher in the middle of 
springbrook and calcium was lowest at the spring source when compared to the 
springbrook values. Data were statistically examined for their variation along the 
springbrook to confirm the variability. Water quality data were analysed using ANOVA 
(SPSS Ver. 12) and results are presented in Table 7.2. Although calcium fluctuated 
between the source and the lower sites, analysis of variance (ANOVA) indicated that 
only pH was significantly different between sites (Table 7.2) and increased from source 
downstream. Post-hoc analysis (Tukey's test) indicated that pH values at the spring 
source (Site a) were significantly different from the three downstream sites (Site d, e 
and i). 
The temporal water quality characteristics for each site during the sampling period are 
shown in Figure 7.3. All sites, except the source (site a) were too shallow to be sampled 
between September and November 2003 (3 sampling occasions) and no data were 
collected from sites b-f during this period. Most water quality parameters fluctuated 
temporally and nitrate and calcium increased during the one-year study period. Most of 
water quality parameters increased during the wet season (between November 2003 to 
February 2004). The indicative flow increased during this period and may influence the 
ionic concentrations in the groundwater. However, the ranges of concentrations of all 
parameters were still low and within the range reported by Smith (2000) during the 
study of springs in the White Peak. 
Table 7.2: Analysis of variance (ANOVA) results comparing water characteristics 
between sites longitudinally on Lees Bottom Spring. 
Parameters df Mean Square F Sig. value 
Dissolve oxygen 5 . 004 1.156 . 
345 
pH 5 . 980 6.418 . 000* 
Conductivity 5 239.331 . 082 . 995 
Temperature 5 2.522 1.260 . 298 
Mean flow velocity 5 467.781 1.316 . 275 
Nitrate 5 74.728 1.156 . 345 
Sulphate 5 110.432 1.240 . 
307 
Sodium 5 . 106 . 207 . 958 
Potassium 5 1.689 . 246 . 940 
Magnesium 5 9.813 1.290 . 285 
Calcium 5 4982.166 1.047 . 402 
Note: *= significant at p< 0.05 
130 
Dissolve oxygen 
io 
8 IN 
"I 
5 -. 
ý 
12345b78 11 10 1 
.- 
iV1 
Conductivity 
700 
600 
500 
400 
300 
200 
100 
123456789 10 11 
120 
100 
80 
60 
40 
20 
0 
pH 
  I, 
65 
23456789 10 11 
Temperature 
13 I .___. _. _.... 
2JI 
it 
10 
4--T_-T----- 
1, '34567891011 
Mean indicative flow velocity Nitrate 
40 
30 
20 
ea5e789 is 1234567891 11 
Sulphate 
_i --- -- Sodium 
12 
10 
8 
6 
4 
2 
Magnesium 
>5 , 
1D 
o 
1234567891 11 
i 
12 
10 
e 
6 
4 
y 
1 2 3 4 S ti 7 8 0 1 Hi 
100 
80 
60 
40 
20 { 
o 1234567891 11 
Potassium 
Calcium 
300 
---ý--- site a 
250 - ^- ä 
200 site b 
150 
100 site c 
so site d 
-0- Series6 
Figure 7.3: Temporal water characteristics temporal pattern for six sites within 
Lees bottom spring 
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7.5.3 Summary of biological results 
One thousand seven hundred and twenty seven (1727) chironomid larvae were 
identified from Lees Bottom spring (source and springbrook). Five subfamilies were 
recorded and twenty two (22) genera identified (Table 7.3). The basic data collected are 
shown in Appendix 7.3. Tanypodinae were only identified to the subfamily level due to 
the limitations of taxonomic keys. Orthocladiinae were the dominant subfamily and 
contribute 83.2% (1438 individuals) of the total larval abundance, followed by 
Chironominae 13.7% (236 individuals). The families Diamesinae, Tanypodinae and 
Prodiamesinae represented less than 5% of total abundance (Figure 7.4). 
Brillia modesta and Parametriocnemus (Orthocladiinae) were the first and second most 
abundant taxa recorded with 31.3% (450 individuals) and 28.3% (407 individuals) of 
the total Orthocladiinae and 26.0% and 23.6% of the total chironomids recorded 
respectively. Micropsectra was the dominant genus from the subfamily Chironominae 
and represented 74.6% of total Chironominae recorded. Only one genus from 
Prodiamesinae and Diamesinae were recorded. The dominant and most diverse 
subfamily, Orthocladiinae was represented by seven major genera and Eukiefferiella 
was the most diverse, represented by seven species, followed by Chaetocladius, 
Cricotopus and Tvetenia represented by five species each. 
Diversity Indices 
Diversity indices for Lees Bottom spring and its springbrook are shown in Table 7.4. 
Six sampling sites exhibited variable larval Chironomidae diversity. All diversity 
indices were relatively high and as a result, dominance index (Berger-Parker) were low 
(< 0.5). Only one site (site b) had a Shannon-Weiner value below 2 and none of the sites 
had a Berger-Parker dominance index above 0.5. The highest density was recorded at 
site c (middle of springbrook) and the lowest was at site a (spring source). Site c 
(middle of springbrook) supported 522 individual chironomids and also had the highest 
taxa richness (34 taxa) and also corresponds to the highest Margalef index (5.27). 
However, this site had lower diversity indices value than site a (spring source) due to 
high abundances of two taxa Brillia modesta and Parametriocnemus spp. The spring 
source site supported the lowest larval Chironomidae abundance (101 individual) but a 
high taxon richness (24 taxa). As a result, all diversity indices (Shannon-Weiner, 
Simpson and equitability index) were highest at this site (Table 7.4). Of the taxa 
recorded at the source site, only the genus Parametriocnemus and Chaetocladius and 
other taxa were present in low numbers. 
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Table 7.3: Biological data for the 12-months study period at Lees Bottom spring 
Subfamily Genus /Species NF in- (o U) 
N 
axa 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
Polypedillum / 1 1 2 
TRIBE: TANYTARSINI 
Micropsectra 4 10 31 70 37 24 176 
Micropsectra radialis- e? 1 1 
Parapsectra 3 8 11 4 12 38 
Tanytarsus 1 6 2 5 5 19 
SUBFAMILY: TANYPODINAE 5 2 1 2 10 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 1 1 6 8 
SUB FAMILY: DIAMESINAE 
Diamesa 5 1 20 9 35 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 5 102 172 77 48 46 450 
Chaetocladius 25 25 
Chaetocladius dentiforce s 15 9 2 11 37 
Chaetocladius piger 3 3 1 7 
Chaetocladius vitellinus 5 2 2 9 
Chaetocladius suecicus I I 
Cricotopus (Nostococladius) 1 1 
C. Cricoto us fuscus group 1 1 9 11 
C. Cricoto us tibialis group 1 1 2 
C. Cricoto us tremulus group 3 3 6 4 16 
C. Cricoto us triafscia group 1 1 2 
Eukiefferiella sp. B 2 2 3 2 9 
Eukiefferiella brevicalcar 1 I 
Eukiefferiella cyanea 1 1 2 
Eukiefferiella discoloripes 13 8 21 
Eukiefferiella devonica group 1 1 
Eukiefferiella race) 1 3 2 1 1 8 
Eukiefferiella minor 1 1 
Heleinella 1 10 11 
Heterotrissocladius hirtapex 1 1 
Heterotrissocladius marcidus ? 1 1 3 3 8 
Heterotrissocladius oliveri ? 1 2 5 1 9 
Heterotrissocladius sub ilosus ? 4 1 23 13 21 5 67 
Lymnophyes 2 17 12 4 3 38 
Metriocnemus 1 1 
Nanocladius 2 2 
Oliveridia ? 6 6 
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Family 
Subfamily Genus / Species 
U 
0 
a 
U) 
co 
0 
ý70 
'o 
(n 
°) 
U) 
Parametriocnemus 25 72 162 97 27 24 407 
Paraphaenocladius 1 3 1 5 
Paratrichocladius 7 3 1 11 
Paratrissocladius 2 2 4 
Rheocricotopus 2 2 
Rheocricoto us chat beatus 1 2 3 4 4 14 
Rheocricotopus fuscipes 1 8 11 2 3 25 
Tvetenis sp. A 1 3 4 
Tvetenia brevicalcar 3 3 
Tvetenia calvescens 3 2 13 21 28 5 72 
Tvetenia discolori es 10 14 
__ 
18 6 48 
Tvetenia veralli 1 6 32 24 33 96 
Total of individual in each site 101 272 522 398 245 
1 189 
} 
_1727 
1 
Diamesinae 
2% (35) 
Orthocladiinae 
82% (1438) 
Chironominae 
14% (236) 
Prodiamesinae 
1 °/o (8) 
Tanypodinae 
1% (10) 
Figure 7.4: Chironomidac subfamilies composition for Lees Bottom spring 
(Note: number cif individual recorded marked in parentlhesis) 
The longitudinal I)attcrll of diversity indices is shown in Figure 7.5. The diversity 
indices (Shannon-Weiner, Simpson, Margalet index) werc lower Immediately below the 
spring source (site h) and increased downstream. The E3ericr-Parker dominance index 
was highest at site h and decreased at lower sites. Site h sup ported the highest densities 
but the lowest number of taxa (19 taxi). One-way analysis of variance (ANOVA, SI'SS 
Vcr. 12) was used to examine the variability of diversity indices between sites. 
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Results indicate that none of the diversity indices (Shannon-Weiner, Simpson, 
Margalef; Berger-Parker, equitability and number of taxa) were significantly different 
between sites (p > 0.05). 
Larval Chironornidae longitudinal pattern 
Orthocladiinae, as in the other springs in this study (as described in Chapter 6) were the 
dominant subfamily found at Lees Bottom spring. The distribution ot'suhfümilies 
Table 7.4: Mean dhersity index values for sites on Lees Bottom spring 
Indices Site a Site b Site c Site d Site c Site f 
Shannon-Wcincr 
index (11') 
2.65 1.93 2.14 2.32 ý. 4,; 2.11 
Simpson index (D) 10.08 4.44 4.68 7.10 9.23 7.88 
Mar galet index (D,,,, ) 4.98 3.21 5.27 3.51 3.82 4.19 
Equitability index (J) 0.69 0.50 0.56 0.6U 0.64 0.63 
Berger-Parker 
dominance Index 
0.24 0.38 0.33 0.24 0.19 0.24 
'l'axa Accumulation 24 29 44 45 46 47 
12 
10 
ý 8 
x 6 
c4 
2 
C 
S 
S1 
3 
Figure 7.5: Diversity index pattern at the spring source (Site a) and sites along 
The Lees Bottom springhrook (site h-t) 
(Sl Berger-Parker index. S2 Shannon \\'ýinrr index. S3 NiargaleCindex. 
S4 Simpson index 
recorded along the Lees Bottom spring is shown in Figure 7.6. ('hironominae were the 
second most abundant subtamily followed by [)iamesinac. Tanypodinae and 
Prodiamcsinac respectively. The overall larval longitudinal distribution pattern ot'larvae 
135 
Site e Site f 
indicates that abundance and taxen richness are highest at the middle of the spnn brook 
and lowest at the spring source. 
Most of the taxa recorded at spring source were also present at sites along the 
springbrook. Only three taxa were restricted to the spring source - (_'ric owopn s 
(Nos toeociwlitis), Na, loeludius and Olivcric/i(I" - all are from the subluamily 
Orthocladiinae. Other taxa may have similar preferences and were present at different 
sites on the Lees Bottom spring ecosystem. Taxon%species accumulation increased 
gradually from spring source to the first and second springbrook sites (Site b and Site c) 
and was reduced at later sites. The number of individuals recorded also exhibits a 
similar pattern to taxon/species accumulation but was reduced after site d (Figure 7.7). 
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Figure 7.6: The distribution of Chironornidac subfamilies along the Lees Bottom 
springhrook 
(s l Pnxli; inir'sinar. S2 I un` Ixulinuc, S: l)iamesinac. S4 ('hiroll minaL, SS Orih , cladiinac . uhI. inul\ ) 
The longitudinal distribution of' common and abundance taxe fier each suhtilmily are 
shown in Figure 7.8. 'I'hc density of' 1licrojºs('Ctºº1, Puruýºscctºu and 7uººivuº. ýºrs 
(C'hironominac) increased from spring source tu the lower sites. Orthocktdiinac exhibit 
a variable longitudinal distribution pattern. Rrilliu ºnººclr. cta and Purumt'tº iucººrºnrn 
were abundant in the middle Of' the sprin brook, but all %i rteniar species were more 
abundant in the lower reach. 
13 6 
`"`CU Sitee Site f 
Diunicsa was the only genus from Diarnesinae recorded in this study and was only 
found within spring source and upper sites of the springbrook (site a. h, c. (I). 
Temporal pattern 
Watcr level was very low between September 01 to November 03 and resulted in vverv 
little flow along the springbrook. This resulted in the substrate of' sites 1) t, being wet, 
but it was not possible to measure the flow velocity or to collect biological samples. As 
a result, chironomid larvae were only sampled in August 03 and ti'om December 03 to 
June 04 (Figure 7.9). No larval chironornids were recorded in August 03 at site h or site 
c. The site supporting the highest abundance appeared to migrate downstream from 
January to April 2004 and appears to reflect the succession 01' 1'i. reni i species (See 
Figure 7.9). 
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Bottom spring ecosystem 
7.6 Discussion 
7.6.1 Riser Continuum Concept (IZCC) 
'l'hc River Continuum Concept (RC'(') (Van»otc et al.. 1 QSO) is based on the kno, vv n 
variability in physical parameters (gradient, water temperature and tro})hic resource) 
along a river. The concept hypothesised that the biological communities inhabiting 
rivcrine systems (algae, macrophytes, macroinvertcbrates and tish), as a result of the 
physical gradients, displayed predictable changes along the river continuum ti-u111 
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Site a Site b Site e Site f Site c Site d 
headwater streams to the lower reaches. The physical structure and gradients have been 
used as a template for biological responses (e. g., primary producers and consumers that 
reflect the algae/macrophytes and macroinvertebrates). The headwater of rivers in the 
concept was assumed to be heavily wooded and as a result in-stream primary production 
was low. The base of the food chain in the first and second order streams were driven by 
inputs of organic matter (allochthonous organic matter) derived from the surrounding 
woodland. As the river becomes larger (stream order 3-6) and the tree canopy opened 
in-stream primary production (autochthonous organic matter) provided the base of the 
food chain. 
The River Continuum Concept has become one of the most important theories of in- 
stream organisation in contemporary lotic ecology (Benda et al., 2004; Poole et al., 
2002) even though it cannot be applied everywhere (e. g., Statzner and Higler 1985) due 
to the different physical characteristics for different country. The RCC has become a 
central component of many contemporary theories relating to community composition 
based on functional feeding groups and organic matter loading and availability, 
transport, utilisation and storage along the length of the river (Vannote et al., 1980). 
They hypothesized that biological organisations in river conforms structurally and 
functionally to kinetic energy dissipation patterns of the physical system and will 
rapidly adjust to any changes in the redistribution of use of kinetic energy by the 
physical system. 
Based on the RCC, in-stream lotic communities can be broadly divided into three 
groups (zones) along the river: i) headwaters (order 1-3); ii) medium size stream (order 
4-6); and iii) large rivers (order >6) (Figure 7.10). The headwater is most strongly 
influenced by riparian vegetation, which contributes a large amount of allochthonous 
organic matter input and shading, and experiences little thermal variability. The 
invertebrate community in this area of the river was thought to be dominated by 
organisms that break down (shredders) and collect (collectors) their food. All of the 
results presented in this thesis have been derived from sites at headwater locations and 
theoretically should reflect the headwater conditions predicted by the RCC. 
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7.6.2 Water characteristics spatial and temporal 
Most longitudinal studies of river systems involve the examination ot' the macro-scale 
distribution of tauna, resources or sediment from the headwaters to the river mouth (e. g. 
Ward and Williams, 1956; Grzybkowska et al., 1996, Belson ct al., 2006). Generally, 
they report changes in chemical and physical parameters tram headwaters to the lower 
reaches and significant changes at human-impacted sites. Compared to the river 
continuum concept, the longitudinal assessment in this study was undertaken at the 
micro scale, and involved patterns of change from the spring source along the 
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springbrook until it joined the nearest river (River Wye). This study site has similar 
characteristics to stream order 1 described in the RCC. The physical and chemical 
characteristics of Lees Bottom spring were measured on a monthly basis at different 
sites along the springbrook. One-way analysis of variance (ANOVA, SPSS Ver. 12) 
indicated that only pH significantly differed between sites (Table 7.5). 
Although other studies have indicated variations in water quality characteristics along 
river reaches (e. g. Vannote et al., 1980; Helson et al., 2006). Even though this study was 
undertaken at the micro-scale, variation of some water quality parameters occurred over 
short distances (within springbrook). A significant variation in mean water pH was 
recorded along the springbrook. This is almost certainly due to the short distance from 
spring source to the end of springbrook. 
Table 7.5: One-way analysis of variance of water quality characteristics between 
sites along Lees Bottom springbrook 
Parameters Sum of 
Squares df Mean Square F Si . value 
Dissolve oxygen 6.774 5 1.355 1.263 . 296 
pH 4.898 5 . 980 6.418 . 
000* 
Conductivity 1196.655 5 239.331 . 082 . 
995 
Temperature 12.612 5 2.522 1.260 . 298 
Mean flow velocity 2338.904 5 467.781 1.316 . 275 
Nitrate 373.641 5 74.728 1.156 . 345 
Phosphate 4.785 5 . 957 . 563 . 
727 
Sulphate 552.160 5 110.432 1.240 . 307 
Sodium 
. 528 5 . 106 . 
207 . 958 
Potassium 1.655 5 . 331 . 
654 . 660 
Magnesium 2.977 5 . 595 1.431 . 
233 
Calcium 
. 929 5 . 186 . 
982 . 439 
Note: - inaicates signiticant aitterent at p<o. uo 
i 
The study sites were separated into two different groups based on their relative distance 
from the spring source. The first three sites (a, b and c) were classified as headwater 
sites and the later three sites as lower reach sites (d, e and f). The water quality 
characteristics of the headwaters (Site a, b and c) and lower reach (Site d, e and f) were 
examined and one-way analysis of variance (ANOVA, SPSS Ver. 12) analysis indicated 
that water temperature and pH were significantly different between headwater and 
lower reach sites (Table 7.6). 
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Headwater sites in this study were characterised by riparian tree shading and 
temperature variability. This is a similar patter to that described according to the RCC 
(Vannote et al., 1980). The variability of pH within the spring source and springbrook 
may be associated with the degassing process that occurred at the spring source. This 
degassing releases CO2 into the spring water body and may cause the water to be slightly 
more acidic compared to other sites. The increase of water temperature at lower reach 
sites reflects changes in ambient air temperature and the small size of the water body. 
Similar patterns of pH and temperature were reported by Helson et al., (2006) in an 
investigation of longitudinal larval chironomid community zonation within four tropical 
rivers in Trinidad. Sloan (1956) in the classic springbrook study also indicated 
temperature variability along the springbrook (several miles from the spring source) as 
well as coarse substrates at the spring source sites and finer substrates (sand and silt) in 
lower reaches. Similar results were recorded in this study over the 60 m length of the 
Lees Bottom springbrook. 
Table 7.6: One-way analysis of variance (ANOVA) comparing water 
characteristics between headwater and lower reach sites 
Parameters Sum of 
Squares df Mean Square F Si a. values 
Dissolve oxygen 
. 256 1 . 256 
3.241 . 146 
pH 
. 478 1 . 478 28.911 . 006* Conductivity 66.201 1 66.201 . 762 . 432 Temperature 1.206 1 1.206 34.573 . 004* Mean flow velocity 108.886 1 108.886 3.384 . 140 
Nitrate 18.009 1 18.009 2.750 . 173 Phosphate 
. 172 1 . 172 . 056 . 828 Sulphate 18.410 1 18.410 1.332 . 313 
Sodium 
. 012 1 . 012 . 015 . 
908 
Potassium 
. 398 1 . 398 3.723 . 126 
Magnesium 
. 559 1 . 559 . 
475 . 529 
Calcium 60.293 1 60.293 . 081 . 791 
NOW - inaicates significant aitterent at p<0.05 
This study was undertaken at the spring source and along the springbrook, and equates 
to stream order I in the RCC proposed by Vannote et al., (1980). Even though the 
spring source and headwater ecosystems are known to have relatively stable chemical 
and physical characteristics (e. g. Vannote et al., 1980; Helson et al., 2006) results of this 
study indicate variability in physical characteristics (water temperature and pH) at the 
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micro-scale. As a result they should not be ignored in research on springbrook 
ecosystems. Similar variability in results has been reported in previous research on 
springbrook ecosystems (e. g. Sloan, 1956; Blies, 1982). 
7.6.3 Longitudinal distribution of larval Chironomidae 
Chironomidae larval are considered to be generalist or opportunistic taxa controlled by 
many environmental factors such the habitat heterogeneity, size of stream, latitude and 
altitude (Coffinan, 1989). Chironomidae biogeography of spring or headwater streams 
has been poorly studied compared to the middle and lower reaches of streams and 
rivers. 
Larval Chironomidae densities recorded in this micro-scale study varied greatly (70 to 
544 M, 2 ) and were highest at the sites within the middle of the springbrook. The lowest 
densities were recorded at the spring source and increased to the middle of the 
springbrook before a slight declined further downstream. Other studies of springbrook 
macroinvertebrate communities have also reported similar distribution patterns 
(Minckley, 1963; Ward and Dufford, 1979; Illies, 1982). Previous studies have also 
reported that water temperature was important in determining the macroinvertebrate 
community composition along springbrooks (e. g. Illies, 1982; Helson et al., 2 006). 
Larval Chironomidae abundance clearly differed temporally. With the exception of site 
a, the springbrook sites exhibit a clear succession of taxa and abundance pattern. The 
site supporting the highest abundance appeared to migrate downstream over time (see 
Figure 7.8 and Figure 7.9). The specific requirements of taxa for water temperature, pH 
and substrate composition probably influences the longitudinal distribution of larval 
Chironomidae. The increase of water temperature with distance from spring source 
probably reflects the influence of ambient air temperature. Smith (2000) indicated that 
temperature was a significant determinant of community structure in springs in the 
White Peak. In this study, water temperature was only significantly different when 
compared between zones (see Table 7.6) and fluctuated little between adjacent sites. 
Since other physical parameters are not obviously different between sites in this study, 
substratum and temperature are thought to play a key role in structuring chironomid 
larvae micro-scale distribution along the springbrook. Richard et al (1993) reported that 
substratum - flow velocity environmental gradients have been shown to influence the 
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distribution of benthic macroinvertebrates. Ruse (1994) reported chironomid larval 
micro distribution was principally related to a temporal gradient of water depth, current 
and substratum heterogeneity. Smith (2000) demonstrated that allochthonous organic 
matter input might help to sustain macroinvertebrate diversity at an intra spring scale. 
The spring source of Lees Bottom spring supported the lowest larval chironomid 
density probably due to the low availability of food resources (coarse sand with tufa 
dominated substrate). Orthocladiinae, known as a cold stenothermic and coarse 
substrate group, dominated sites with coarse grained substrates and woody debris (Table 
7.3). Brillia modesta and Parametriocnemus were the dominant taxa at these sites. As 
substrate became finer downstream, the subfamily Chironominae (Parapsectra and 
Tanytarsus) became dominant and may reflect to their feeding habit (e. g. Hawtin, 1998; 
Ruse, 1993) (see Figure 7.8). These genera are collector-gatherers that utlise fine 
particulate organic matter (FPOM) deposited on the substrate (Berg, 1995). However, 
this study also found Tvetenia spp. (Orthocladiinae) dominant on fine substrates. 
Tvetenia species displays a sucession in dominance between site c and f longitudinally 
(see Figure 7.9). This change in dominance is probably due to the competition for 
resources (food). Ruse (1993) reported that genera from Orthocladiinae exhibit variable 
preferences regarding substrate. Tvetenia could share the habitat within the lower reach 
sites with taxa from the subfamily Chironominae (mostly filter feeder/sediment 
collectors) such as Micropsectra, Tanytarsus and Parapsectra that have different 
feeding habits. 
Although spring ecosystems and headwaters have been classified in the RCC as 
assemblages with narrow thermal tolerances and limited trophic resources (see Vannote 
et al., 1980), this study indicates that at the micro-scale Chironomidae larvae in are an 
important component of the community and should not be ignored. Chironomids occur 
at high abundances, taxon richness and display community heterogeneity and small 
spatial scales within the springbrook. Chironomidae exhibit high micro-scale 
distribution variability and are best characterised by physical substrate characteristic. 
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7.7 Summary 
This chapter has presented the results of a longitudinal study along one perennial springbrook ecosystem. 
Six sites from spring source to the confluence with the nearest river (60 m downstream) were sampled 
and analysed for water quality and biological diversity. Results indicate that taxa richness was greatest in 
the middle reaches of the springbrook and similar to results from other studies, which indicate the 
importance of substratum composition. These findings also correspond to that hypothesised by the RCC 
that headwaters supports low taxa richness. The next chapter will examine the influence of heavy metal 
contamination upon an impacted and control sites and effects on larval Chironomidae mentum 
deformities. 
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CHAPTER 8: HEAVY METAL CONCENTRATIONS AND LARVAL 
CHIRONOMIDAE MENTUM DEFORMITIES 
8.1 Introduction 
Chironomidae possess many characteristics, which make them ideal biological 
indicators. A large proportion of Chironomidae larvae live within benthic sediments 
and feed on particulate organic matter (Bervoets et al., 1997; Olafson, 1992). Since 
Chironomidae spend most of their larval stage in water, they may be exposed to 
substrate-bound contaminants throughout this part of their life history (Vermeulen, 
1995). 
Biomarkers (individual deformities) are thought to be the response to anthropogenic 
pollutants (Lenat, 1993), and provide a more specific measure of impacts than 
community or population level responses. Deformities can be defined as morphological 
features that depart from the normal configuration (Warwick, 1988; Madden et al., 
1995). These take the form of changes in larval morphology such as antennae, 
mandible, pectin epipharyngis and mentum (Janssens de Bisthoven et al., 1998; 
Meregalli et al., 2000; Meregalli and Ollevier, 2001). However, morphological changes 
due to mechanical wear, breakage or abrasion are also common (Janssens de Bisthoven 
and Olleveir, 1989; Vermeulen, 1995) and should not be included in deformity 
screening. 
The use of morphological deformities in larval Chironomidae populations as a response 
to high concentrations of pollutants (Warwick, 1988; Dickman et al., 1992; Janssens de 
Bisthoven et al., 1995) and indicators of water quality (Bird, 1994; Watts and Pascoe, 
2000) is well established and a constantly evolving technique. A number of studies 
have examined heavy metal contamination in aquatic system (water, invertebrates and 
sediments) and its relationships with deformities in chironomid populations (Dickman 
et al., 1992; Janssens de Bisthoven et al., 1995; Servia et al., 2000) (Table 8.1). 
Laboratory experiments have also demonstrated that deformity in larval chironomids 
occur when they are exposed to a variety of contaminants within bethic sediments (e. g., 
Kolsalwat and Knight, 1987; Janssens de Bisthoven, 1999). These deformities may 
represent the responses to complex mixtures of chemicals in sediments that may be 
bioavailable to the larvae (Vermeulen, 1995). The literature on the occurrence of high 
rates of chironomid morphological abnormalities in contaminated sediments is 
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extensive and geographically widespread (e. g., Martinez et al., 2001,2002; Meregalli et 
al., 2000; Vermulen et al., 2000). Morphological deformities of Chironomidae have 
been recorded on the mentum, mandibles, antennae and pectin epipharyngis of a variety 
of chironomid genera (Clarke et al., 1994; Vermeulen, 1995). 
Together with other parts of body, such as the ligula, antennae, head capsule and 
mandibles, the incidence of deformity in the mentum has been shown to be a powerful 
tool in the measurement of heavy metal contamination in freshwater ecosystems 
(Meregelli et al., 2000). The mentum has been reported to be the most sensitive to 
heavy metal pollution and has produced the most reliable results when compared to 
other morphological changes (e. g., antennae) because it is more robust, less likely to 
break naturally, and is easy to identify (Merregeli et al., 2000). The mentum is a 
double-walled medioventral plaque with 15 highly sclerotised teeth arranged in well- 
defined groups (Servia et al., 2000). It can be easily seen in the subfamilies 
Chironominae, Prodiamesinae, Diamesinae and Orthocladiinae. The subfamily 
Tanypodinae was not utilised in present study due to only one individual being 
recorded, and because they have ligula instead of a mentum. Deformities in the mentum 
are easily detected and the high frequency of abnormalities recorded in this structure 
has led many authors to consider it alone in heavy metal pollution investigations 
(Servia et al., 2000). 
It has been suggested that the quantification of the rates of characteristic mouthpart 
deformities in natural chironomid populations could provide a relatively inexpensive 
bioassay for certain heavy metals (Martinez et al, 2003). It has also been suggested that 
the rate of deformities in natural chironomids population does not exceed 8% 
(Warwick, 1988; Vermeulen, 1995; Nazarova et al., 2004). However, Lenat, (1993) 
reported that the overall incidence of Chironomus deformities within 21 clean-water 
stream sites was lower than 3%. Common mentum deformities recorded included 
fused teeth, split median teeth, missing teeth, extra teeth, abnormal shape of median 
teeth and asymmetrical menta (Martinez et al., 2003). 
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8.2 Rational of the study 
Heavy metals, lead (Pb), zinc (Zn), copper (Cu) and cadmium (Cd)) in water from 15 
springs were measured during a pilot study. Results demonstrated that Tricket Sough 
spring (S3) had higher zinc concentrations than all other springs and indicated sign of 
pollution. In addition, mentum deformities were observed in some chironomid 
specimens from this spring. This provided the impetus to study the relationship 
between zinc concentrations and mouthpart deformities (mentum structure and teeth) in 
larval Chironmidae at this site. Otter Hole spring (S9), was selected as a reference 
/control site because it is know to be free from any pollution. In addition it has the most 
similar physical characteristics to Tricket Sough spring (S3). 
8.3 Objectives 
This chapter examines the in situ relationship between zinc (Zn) concentrations in 
Tricket Sough and Otter Hole springs (water, chironomid larvae and sediment samples) 
and mentum deformities in Chironomidae larvae. It is hypothesised that high Zn 
concentration in the water and benthic sediments at Tricket Sough spring will result in 
higher rates of mentum deformities in the larval chironomid populations. 
8.4 Investigation methodology 
Both springs (Tricket Sough and Otter Hole) were sampled six times from July 03 to 
June 04. Six sets of water and larval Chironomidae samples were collected for physical 
and chemical analysis and taxonomic identification respectively. Three different 
Chironomidae samples were collected for heavy metal analysis, and sediment samples 
were collected on the last occasion for heavy metals analysis. An identical sampling 
protocol was used at both sites. 
8.4.1 Chironomidae taxonomic identification and mouthpart deformities 
investigation 
Chironomid specimens were prepared and mounted on slides using the procedures 
outlined in Chapter 4.7.3. Individual specimens from Tricket Sough and Otter Hole 
springs were screened at I000X magnification using a Ziess Axioscope microscope for 
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morphological deformities. Any anomaly resulting from mounting or natural 
mechanical damage was excluded. The incidence of deformities (number of deformities 
and percentage of deformities) were assessed based on mentum and teeth structures 
following the criteria described by Warwick (1988). In order to minimise errors, 
deformity was defined as missing or extra teeth and/or abnormal teeth structures or 
asymmetry within the mentum and/or teeth structure. Antennal deformities were not 
included in this study because the antennae are relatively fragile structures, which are 
naturally prone to breakage and wear (Dermott, 1991). Antennae deformity is probably 
more appropriate for laboratory cultured specimens rather than field-collected samples. 
The numbers of individuals exhibiting deformities were recorded and photographs of 
all deformities were taken for reference and comparison. 
8.4.2 Heavy metals in water 
All apparatus used for metal analysis were acid leached for at least 24 hours in 3% 
nitric acid, rinsed twice with distilled water and dried. This was undertaken to avoid 
contamination of metals within the sample(s). The sample preparation and analysis 
were undertaken according to the international standards (APHA, 1992). Water samples 
for trace metal analysis were collected concurrently with Chironomidae samples. The 
water samples were collected six times between July 03-June 04. Water samples were 
filtered through a 0.45µm pore size membrane filter paper and were preserved with 
concentrated nitric acid (a. r. grade) to make the pH of the solution approximately 2 prior 
to storage within a freezer (APHA, 1992). Preserved water samples were allowed to 
reach room temperature prior to final analysis. Analysis of the following metals: lead 
(Pb), zinc (Zn), copper (Cu) and cadmium (Cd) was undertaken using inductively 
coupled plasma mass spectrometry (ICPMS). 
A series of standard solutions for heavy metals (Pb, Zn, Cu and Cd) were prepared 
according to the inductively coupled plasma-mass (ICP-MS) spectrometry protocols. 
The instrument sensitivity check and standard calibration were undertaken using 
prepared standard solutions prior to water sample analysis (Figure 8.1). Ultra pure 
deionised water was used as a control/reference for the analyses. 
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Standard Concentration 
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Standard Conc. Prepared Conc. Found Signal (S) 
Blank 0 0.0004 1592 
1 0.25 0.3 16359 
2 0.5 0.49 25408 
3 1 0.98 48739 
4 1.5 1.46 71633 
5 2 1.99 96707 
Slope: 47765.7 Correlation: 0.998 
Figure 8.1: Standard calibration curve for zinc (Zn) analysis 
8.4.3 Heavy metals in Chironomid larvae 
Larval Chironomidae for metal analysis were sampled using the same procedure used 
throughout the investigation. Sample units were collected within the eucrenal zone (<1 
m from the point of groundwater emergence) for each spring. Live specimens and 
organic detritus was returned to the laboratory and processed live. Chironomids larvae 
were transferred into beakers containing distilled water and kept alive for at least 48 
hours (without any food) to ensure the gut was empty and free of any sediment. The 
water was changed several times to remove any chironomid faecal waste substances. 
Since it is difficult to identify live specimens and to avoid contamination, chironomid 
samples were not separated to taxonomic groups. 
The larvae were then rinsed with ultra pure water (18 µS cm-1) twice and kept frozen 
until required for analysis. Prior to extraction/digestion, chironomid samples were 
thawed to room temperature and heated at 60°C in an oven until a constant weight was 
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achieved. The digestion process was undertaken following Martinez et al., (2003). 
Chironomid samples were digested in a polyethylene bottle (50ml capacity) using 
concentrated nitric acid (a. r. grade). Five millilitre of concentrated nitric acid (HNO3) 
(5m1) were added into 50m1 capacity teflon beakers containing chironomid specimens 
and gently heated on a hot plate (± 60°C) until the digestion was complete. Nitric acid 
digests the whole chironomid larvae (hard and soft tissues) and a clear solution is 
achieved at the end of the digestion process. If the chironomid body was not fully 
digested after 4 hours, hydrogen peroxide (H202) (30%) was added dropwise until the 
specimen was completely digested. Samples were then left to cool and filtered through 
a 0.45µm pore size to remove any coarse particles and diluted to 50m1 using ultra pure 
deionised water. Blanks were used as a control in analyses and triplicate readings were 
made for each sample. Blanks were prepared using an identical process with the 
exception that no specimens were added. 
8.4.4 Heavy metals in sediments 
Surface sediments within the eucrenal zone were collected using a plastic scoop and 
transferred into a labelled plastic bag. Three different units of benthic surficial 
sediments (3 scoops) were collected from each spring (Tricket Sough and Otter Hole 
spring) to reduce variability of metal concentrations. These samples were naturally 
dried in a clean laboratory environment. Dry samples were ground using a non-metalic 
pestle and mortar and passed through a 0.63µm sieve. 
Sediments were extracted using the technique developed by Tessier (1988) which only 
extracts anthropogenic metals from sediments. Five grams (5g) of fine sediment (<63 
µm) was transferred into a teflon tube and 25m1 of 0.5N Hydrogen Chloride (HCL) was 
added. Samples were washed with HCL by means of shaking for 18 hours. The 
samples were then filtered through 0.45µm pore size filter paper and ultrapure 
deionised water was added to achieve a final volume of 50 ml. To determine the. 
analytical and handling error, three replicate samples were analysed from each spring 
with an additional blank (control), each undergoing an independent extraction 
procedure. Heavy metal concentrations were determined using the same apparatus and 
procedure outlined above. 
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8.5 Results 
8.5.1 Water characteristics of Tricket Sough and Otter Hole springs 
The physical and chemical water characteristics for Tricket Sough spring and Otter 
Hole spring are presented in Table 8.2. Both of these springs are perennial springs and 
characterised by high mean flow velocity (see Table 5.3, Chapter 5). Tricket Sough 
spring (a semi-thermal spring) is characterised by lower dissolved oxygen and slightly 
higher conductivity and sulphate concentration compared to Otter Hole (coldwater 
spring) (Table 8.2). An independent t-test (SPSS Ver. 12) was used to examine the 
differences in water quality between Tricket Sough and Otter Hole springs. Result of 
water analysis data for both springs were transformed (logio) prior to analysis. One- 
sample t-test (Two-tailed) analysis indicated that only dissolved oxygen, conductivity 
and sulphate concentrations were significantly difference between the two springs 
(Table 8.2). 
Table 8.2: Average concentration of water physical and chemical characteristics of 
Tricket Sough and Otter Hole springs 
Parameters Units Tricket Sough Otter Hole Sig. 2-tail t test 
< 0.05 
Dissolved Oxygen mg 1' 3.00 ± 2.81 6.90 ± 1.67 0.001* 
pH 7.15±0.24 7.40±0.18 0.100 
Conductivity µS cm 643 ± 160 348 ± 164 0.013* 
Temperature °C 12.12 ± 4.37 9.40: E 0.98 0.186 
Mean Flow Velocity cm s" 79.20 ± 120.71 80.30 ± 48.29 0.984 
Anions 
Nitrate mg 1' 4.06 ± 4.88 6.78 ± 5.87 0.404 
Phosphate mg 1" 0.76 ± 1.79 2.28 ± 3.09 0.403 
Sulphate mg 1' 100.20 ± 63.58 28.80 ± 12.51 0.022* 
Cations 
Sodium mg 1 9.91± 10.37 8.54 ± 2.02 0.836 
Potassium mg 1' 1.73 ± 1.87 4.54 ± 4.71 0.209 
Magnesium mg 1" 1.93 ± 1.71 1.22 ± 1.46 0.453 
Calcium mg 1" 48.20 ± 40.19 44.3 ± 40.83 0.871 
Note: *= analysis significant at p<0.05 
154 
8.5.2 Heavy metals in spring water 
Spring water from 13 springs (excluding most dry springs, Lees Bottom -1 and Lees 
Bottom -2) were sampled three times (July - 03, September - 03 and November - 03) 
to measure Cd, Cu, Pb and Zn concentration and results are summarised in Table 8.3. 
Results indicate that Cd, Cu and Pb were present at very low concentrations in all water 
samples and all springs can be considered free from metal pollution, Mean cadmium 
concentrations in the 13 springs ranged from <0.0001 - 0.0152 mg 1'1 and Cu and Pb 
ranged from < 0.0001 - 0.0037 mg 1"1 and < 0.0001 - 0.1029 mg 1"1 respectively. Mean 
zinc concentration at the 13 springs ranged from 0.0129 - 1.8180 mg 1"1 with the 
highest concentrations at Tricket Sough spring. The Zinc (Zn) concentration recorded 
was much higher at the Tricket Sough than other studies within clean lotic system 
ecosystems (Bervoets et al., 1998) and was found to be as high as reported in studies of 
polluted sites (Table 8.4). 
Table 8.3: Mean concentrations of heavy metals in spring water during from first 
three sampling occasions 
(July 03, Sept. 03 and Nov. 03 sampling occasions) 
Springs Heavy Metals (mg r-1) 
Cd Cu Pb Zn 
Stoney Middleton 0.0012 ± 0.0003 0.0022 t 0.0027 0.0142 ± 0.0105 0.1176 f 0.0067 
Bradwell 0.0003 ±0 0.0011 t 0.0012 0.0031 ±0 0.0397 t 0.0111 
Tricket Sough 0.0073 ±0.0013 0.0035 f 0.0018 0.0109 ± 0.0046 1.8180 f 0.7275 
Peak Cavern Rising <0.0001 0.0019 t 0.0025 <0.0001 0.0240 t 0.0053 
Slop Moll <0.0001 0.0037 ±0 0.0146 ±0 0.0245 t 0.0042 
Russet Well 0.0003 ±0 0.0024 ±0 0.0076 ±0 0.0340 t 0.0006 
Wye Head 0.0015 ±0 0.0008 ± 0.0014 0.0055 ±0 0.0129 f 0.0184 
Otter Hole <0.0001 <0.0001 <0.0001 0.0241 f 0.0036 
Golf Ball Rising 0.0152 ±0 0.0018 ±0 0.1029 ± 0.1373 0.0229 f 0.0242 
Litton Mill <0.0001 0.0042 ±0 0.0072 ±0 0.0366 ±0 
Milerdale 0.006 f0 0.0366 ±0 0.0146 ±0 0.0232 ± 0.0006 
Lees Bottom 0.0005 t0 <0.0001 <0.0001 0.0271 ± 0.0071 
Great Shacklow <0.0001 <0.0001 <0.0001 0.0513 
Since Cd, Cu and Pb were detected at very low concentrations at all sites they were not 
considered further. Zinc concentrations were analysed in another 3 sets of samples from 
Tricket Sough and Otter Hole spring (Jan - 04, March - 04 and May - 04 water 
samples). Overall Zn concentrations recorded (six sampling occasion) at Tricket Sough 
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spring were markedly higher than at the Otter Hole spring (reference site). The average 
Zn concentration recorded in Tricket Sough spring was 1.947 f 0.612 mg I-1, and in 
Otter Hole was only 0.019 ± 0.009 mg 1-1 (Table 5.5). 
Table 8.5: Mean Zn concentration in "Ticket Sough and Otter Hole spring 
(reference site) for all six sampling occasion 
O C 
spring 
v ß 11ca11 f til) I 
I sicket 
Sou li 0.9782 2.521 2.224 1.4 2.314 2.252 1.947 10.612 
Otter 
1lole 0.0100 <0.0001 0.0266 <0.0001 <0.0001 0.0216 0.019 t 0.009 
8.5.3 Zinc concentrations in sediments 
The average concentration of anthropogenie Zn from 3 replicate sedlinient samples für 
both sites is shown in Figure 8.2. Zinc concentrations in the benthic sediment samples 
from Tricket Sough sediments (267.9 f 15.0 mg 11) were slightly lower than tom Otter 
Ilole (318.9 ± 25.1 mg 1-1). However, an independent sample t-test (SPSS V'er. 12.0) 
indicates the Zn concentrations were not significantly different between springs (t 
0.05 1, p <0.05). 
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Figure 8.2: Comparison of Zn concentrations in 'Fricket Sough and Otter Hole 
Otter Hole i ricket 
8.5.4 Zinc concentrations in Chironomidae larvae 
Zn concentrations in both springs were averaged for 3 sampling occasions during the 
12-month period (November 2003, March 2004 and June 2004) to cover life history 
and temporal variability. Due to the small size of individual chironomid larvae, only I 
biotic sample was analysed for each sampling date. The Zn concentration recorded in 
chironomid larvae samples is shown in Table 8.6. Chironomidae larvae from Tricket 
Sough contained higher Zn concentrations than those from Otter Hole spring 
(reference/control site). Average Zn concentrations in Tricket Sough larvae were 
871.74 ± 89.62 mg 1"' and more than 12 times higher than Otter Hole larvae. 
Chironomidae larvae representing different life cycle instars were used for trace metal 
analysis and this may contributed to the high standard deviation when all seasons are 
considered together. 
Table 8.6: Mean Zn concentration in Chironomidae larvae samples 
Springs Sampling Date Mean t SD 
November 2003 March 2004 June 2004 
Tricket Sough 769.13 911.42 934.66 871.74 ± 89.62 
Otter Hole 87.87 42.83 86.19 72.29 ± 25.53 
An independent sample t-test (SPSS Ver. 12.0) was used to measure variation of Zn 
concentration in Chironomidae larvae between the two springs. Result indicates that Zn 
concentrations in larval Chironomidae from Tricket Sough was significantly higher 
from Otter Hole spring (t = 0.002, p<0.05). Sedimentation and erosion play a major 
role in running water, thus resulting in a high temporal variation in sediment metal 
concentration (Ingersoll et al., 1994). This may lead to fauna being exposed to high 
concentration of zinc via the water column, leading to greater bioaccumulation within 
their tissues. Bendell-Young and Harvey, (1991) noted that chironomids are in close 
contact with both benthic sediments and the overlying water. The Zn concentration in 
Chironomidae larvae from Tricket Sough were as high as those recorded from polluted 
sites in other studies (see Table 8.4). 
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8.5.5 Chironomidae diversity in Tricket Sough and Otter Hole spring 
Chironomidae larval abundance in Tricket Sough spring was low and did not have a 
clear annual pattern. A total of 194 specimens were processed from 5 subfamilies 
(Table 8.7). The subfamily Tanypodinae was not identified to genus level due to the 
limitations of the taxonomic references available (Pinder, pers. comm. ) although only 
one was recorded. The most frequently recorded subfamily was Orthocladinae, which 
represented 56.7% of total community collected. Chironominae were the second most 
abundant (28.4% of the total community), followed by Prodiamesinae 12.9% (Figure 
8.3a). Only I individual from the subfamilies Tanypodinae and Diamesinae were 
recorded. 
The genus Chaetocladius spp. (Orthocladiinae subfamily) was the most abundant genus 
in Tricket Sough spring, followed by Chironomus spp. and Prodiamesa spp.. 
Chironomus were identified to genus and although species level identification was not 
possible morphological differences were noted and the distinct taxa were recorded 
using alphabetical symbols (to indicate a lower taxonomic resolution). A total of 3429 
Chironomidae individuals belonging to 4 subfamilies and 16 genera were recorded at 
Otter Hole spring (Table 8.8). As in Tricket Sough spring, only one Tanypodinae 
specimens was collected from Otter Hole spring and was only identified to the 
subfamily level. 
Otter Hole spring was also dominated by Orthocladiinae subfamily (representing 91.7% 
of total community). Tvetenia calvescens and Brillia modesta were the abundance 
species during the sampling period. Tvetenia calvescens contributed 74.8% of total 
Orthocladiinae individuals followed by Rheocricotopus fucipes (12.6%) and Brillia 
modesta (9.9%). 
Larval Chironomidae abundance at Otter Hole spring displays a clear annual pattern, 
with high abundances recorded during the summer and lower abundances during the 
spring and autumn period; and lowest abundances during winter (Table 8.8). The 
remaining subfamilies were present at relatively low abundances 
(Chironominae/Tanytarsini - 4.9%, Diamesinae - 1.9%, Prodiamesinae 1.5% and only 
one individual Tanypodinae was recorded) (Figure 8.3b). 
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Table 8.7: Chironomidae community composition in Tricket Sough for 12-month 
sampling period 
SAMPLING DAT E 
M 
N 
ö 
N 
Mp 
N 
ö 
N 
en 
N 
a0 
N 
o N 
N 
O 
N 
ö 
O 
CHIRONOMIDAE 
Chironominae/Tan arsini 
Chironomus 1 1 
Chironomus group A 15 3 18 
Chironomus group B 7 2 9 
Chironomus group C 1 1 
Chironomus group D 3 2 5 
Chironomus group E 2 2 4 
Chironomus group F 7 7 
Chironomus group G 1 1 
Chironomus group H 2 5 7 
Chironomus group I 2 2 
Tanypodinae 1 1 
Prodiamesinae 
Prodiamesa olivacea 12 4 5 4 25 
Diamesinae 
iamesa 1 1 
Orthocladiinae 
C. suecicus 58 4 35 97 
C. vitellinus 13 13 
ukie eriella claripennis 1 1 
etriocnemus 1 1 
Total 26 97 14 12 8 37 194 
Micropsectra and Tanytarsus (Chironominae subfamily) were recorded in high 
abundancse (92 and 36 indviduals respectively) during summer period of 2003 (July 03 
sampling occasion) and were less abundant at other times. Similar characteristics were 
exhibited by Prodiamesa olivacea (Prodiamesinae subfamily) with 52 individuals 
recorded during July 2003. Diamesa was also recorded in high abundances during the 
summer period (65 individuals) May 2004 (Table 8.8). 
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Table 8.8: Chironomidae community composition in Otter Hole spring for 12- 
month sampling period 
TAXA 
Mp 
N 
N 
MO 
N 
Ö 
N 
0 8N 
ý 
Ö 
0 
N 
O 
N 
0 
CCCN 
OO 
O 
It 
N 
OO 
O 
AMILY HIRONOMIDAE 
UB FAMILY hironominae 
eneraUS ecie renn sectra 1 1 
Micro sectra 92 9 15 2 1 119 
imbocera 1 1 
ara sectra 4 3 7 
Tan tarsus 36 3 1 1 41 
UB FAMILY an odinae 1 1 
UB FAMILY rodiamesinae 
rodiamesa olivacea 52 1 53 
UB FAMILY Diamesinae 
iamesa 65 65 
UB FAMILY rthocladiinae 
rillia modesta 36 51 60 76 21 69 313 
Cardiocladius 4 4 
C. denti orce s 3 3 
C. piger 1 
C. Cricoto us scus group 2 2 
C. Cricoto us tremulus ou 1 1 
C. Cricoto us tri ascia group 3 3 
ukie eriella brevicalcar 12 3 15 
ukie ereilla cyanea 8 8 
ukie eriella devonica 1 1 
ukie eriella gracei 7 7 
ukie eriella minor 3 3 
imno h es 1 1 
etriocnemus 10 10 
etriocnemus ho etricus 2 2 
aratricocladius 1 1 2 
heocricoto us usci es 356 1 3 36 396 
Tvetenia 16 16 
Tvetenia sp. A 1 1 
Tvetenis calvescens 1676 349 166 26 98 36 2351 
Tvetenia verrali 1 1 
TOTAL 2276 422 239 140 131 221 3429 
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Figure 8.3: Larval Chironomidae subfamily composition at (a) 1'ricket Sough and 
(b) Otter Hole spring 
8.5.6 l%lcntum deformities 
Deformity in chironomid larvae mouthparts 11a\ e been associated with exposure tc 
copper (Kosalwat and Knight, 1987), cadmium and zinc (Janssens Cie ßisthov en et al., 
1992), organic waste loading (Clarke, 1993) and pesticides (Ilaniiltun and Seather. 
1971). A limited number of previous studies indicate a linear relationship of 
def rmities with heavy metals concentrations (e. g. Ilu(isun and (ihuru'vski, I996a: 
Bird et al., 1995). The tendency für cleli-mity to arise in response to colltall) HIM loll 
varies greatly between chirunomid taxa (Servia et al., 2000). (hrrunumus (l. enat, 
1993) and l'rodiamcsa olivucen (Servia et al., 1998) are morphologically sensiti'c tu 
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contaminant stress, and these taxa are the second and third most abundant at Tricket 
Sough spring. 
All larvae were examined for the presence or missing of extra teeth and abnormal 
median teeth. The normal characteristics of the head capsule of Chironomidae larvae 
specimens (common taxa in this study) were used as a guide for the detection of 
deformities within Tricket Sough's specimens (Photograph 8.1). A normal well- 
developed mentum structure of Chironomus specimen is shown in Photograph 8.2. The 
proportion and frequency of mentum deformities in each sample are summarised in 
Figure 8.4 and comparison between taxa presented in Table 8.9. Deformities observed 
in this study mainly occurred on the median teeth and first lateral teeth. The typical 
deformities recorded in this study are shown in Photograph 8.3. From 194 specimens 
recorded, 16 individuals were found to have mentum deformities. 
None of the larval Chironomidae from Otter Hole spring (reference/control site) were 
found to have any mentum deformity. Four genera from Tricket Sough spring were 
found to display mentum deformities. The overall proportion of mentum deformity 
recorded was 8.3% of the total individuals collected from Tricket Sough Spring. The 
highest frequency of deformity in a single taxa was recorded in genus Chironomus (11 
individuals) which contributed 5.7% of total population and 20% of the total 
Chironomus recorded. 
For other taxa, a low proportion of mentum deformity was recorded i. e.: Prodiamesa 
olivacea (2 individuals) (1.0%), Chaetocladius suecicus (1 individual) (0.5%), Diamesa 
(1 individual) (0.5 %) and Eukiefferiella claripenis (1 individual) (0.5%) (Table 8.9). 
Among the deformities observed in this study, the most peculiar were missing and 
asymmetry of median teeth and first lateral teeth. In some cases additional lateral teeth 
were also recorded. 
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Photograph 8.1: Normal head capsule and mouthpart structure for common taxa 
in Tricket Sough Spring 
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Prodiamesa olivacea 
Left outer lateral teeth Left inner lateral teeth Right inner lateral teeth Right outer lateral teeth 
Photograph 8.2: Normal developed mentum structure of larval Chironomus. 
8.6 Discussion 
8.6.1 Ecosystem quality and heavy metal concentrations 
The physical and chemical water quality characteristics for Tricket Sough and Otter 
Hole spring were not significantly different with the exceptions of dissolved oxygen, 
electric conductivity and sulphate concentrations which are indicative of a thermal 
spring (Tricket Sough). Differences associated with thermal springs have been 
discussed in detail in Chapter 5.3.4. 
If the physical and chemical characteristics are considered alone, both springs have a 
good ecological status. Warwick (1991) suggested that an unfavourable ecological 
status at specific sites would result in an increased occurrence of deformity of larvae. 
Heavy metal (Cd, Cu, Pb and Zn) concentrations recorded from 13 springs (see Table 
8.5) indicate that only Tricket Sough has high Zn concentrations. Compared to a study 
of clean and mining impacted sites (Marques et al., 2003), Tricket Sough spring 
contains Zn concentrations comparable to impacted locations. Marques et al (2003) 
found Zn concentrations in river from water impacted areas ranges from 0.74 - 5.29 mg 
1-1, with an average of 2.31 mg I-'. Zinc concentrations (three sampling occasions) in 
this study from Tricket Sough spring had Zn concentrations of 1.818 ± 0.728 mg 1-1 
(see Table 8.3). 
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91.7% 
Normal Larvae 
5.7%(Chirooomus ) 
1 %(P olrvacea ) 
70.5%( 
C. suecicus ) 
0.5%(Damesa ) 
0.5%(E. claripenis ) 
Figure 8.4: Proportion of normal and deformed larvae composition for Kricket 
Sough spring 
Further analysis (over a one-year period) of Zn concentrations in 'l'rickct Sough and 
Otter fiele indicated that the former comtainccl Consistently higher In colicclitrat loll ill 
the water samples (average 1.947 L 0.612 mg 1-1) (sec 'table 8.5). The lo%%cst to 
concentrations at Trickst Sough occurred during summer period (- I ing 1 1). l ricket 
Sough is located at the boundary of the limestone Outcrop and as a result may ha%c 
slightly acidic water (lower pH) compared to the other sites (see Table 5.21, Chapter 5). 
Little changes in water pH could possibly influence variations in heavy metal 
absorption between 0 to 100% (Benjamin et al., I )S0). The input of hcav> metal (in) 
into this spring water could occur when it drains a nearby polluted area' (a pig, t'arnu) 
and this may explain the higher concentrations Of 7n in 'l'rickct Sough \v atcr. Acidic 
water could cause high heavy metal concentrations in water due to competition On to 
adsorp on the suspended particle surfaces. Fcw studies indicated ncgati\ c relationship 
between pH and heavy metals in water (Borg, 1983, Borg ct al., 1989); Stephcnscn and 
Mackie, 1988). When compared to other studies, it is clear that 'I'rickct Sough can he 
considered contaminated by Zn (sec Table 8.4). 
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lb- 
Table 8.9: Comparison between normal and deformed Chironomidae larvae 
recorded from Tricket Sough spring (excluded Tanypodinae) 
Genus / Species Number of Larvae Total larvae 
Normal Deformed 
Chironomus 44 11 55 
Prodiamesa 23 2 25 
Diamesa 0 1 1 
Chaetocladius suecicus 96 1 97 
Chaetocladius vitellinus 13 0 13 
Eukiefferiella claripenis 0 1 1 
Metriocnemus 1 0 1 
Total 177 16 193 
% of Total community 91.7 8.3 100 
Note: Tanypodinae was not counted hence the total larvae calculated is 193. 
Zn concentrations in benthic sediments demonstrate a different pattern, with Otter Hole 
sediments containing higher Zn concentration than Tricket Sough (see Figure 8.3). 
However the values were not significantly different when tested with an independent 
sample t-test (SPSS Ver. 12.0) (t = 0.051, p <0.05). This may be because it was not 
possible to collect surficial sediment at the source of Otter Hole spring due to the fast 
indicative flow velocity and cobble substrate that was covered by moss. As a result the 
higher Zn concentrations in Otter Hole sediments may be because the samples were 
collected a short distance downstream of the spring source at a point where the 
substrate was characterised by fine sand and silts. 
Sediment samples from Tricket Sough were collected within the spring source and 
represent the actual sediment quality of the spring source. Although Tricket Sough has 
Zn concentrations in sediment lower than Otter Hole, it is as high as those reported for 
other polluted sites (see Table 8.4). 
Zinc concentrations in chironomid larvae from Tricket Sough spring were clearly 
higher than from Otter Hole spring and coincide with high levels recorded in both water 
and benthic sediments. The Zn concentration in Tricket Sough (water, chironomids and 
sediment) clearly suggests that the spring has been impacted by zinc from 
anthropogenic sources. Although Zn concentrations were slightly lower in Tricket 
Sough sediments, concentrations in the chironomid larvae were approximately 10 times 
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greater than in Otter Hole specimens. Zinc is transported into the larvae either via the 
gut wall or absorbed through the body (Janssens de Bisthoven et al., 1998). The first 
type of absorption is suspected to be physiologically inactive (Krantz and Stokes, 1989) 
and the latter may be a threat to the normal metabolism of the larvae and may result in 
the deformities recorded (Janssens de Bisthoven et al., 1998). 
8.6.2 Occurrence of deformities in larval Chironomidae 
The deformity frequency recorded in Tricket Sough spring was 8.3% (15 from 194 
individuals) (see Table 8.9). The genus Chironomus (Chironominae subfamily) exhibits 
the highest mentum deformities. This percentage is relatively low when compared to 
other studies of polluted sites (Vermeulen et, al., 1998 - 60%; Meregalli et, al., 2000 - 
42%; Hudson and Ciborowski, 1996 - 6-20%; Warwick, 1988 - 41.3%). Vermeulen 
(1995) and Warwick (1991) reported deformities at sites with little contamination was 
typically < 8%. However, the lower percentage suggests that the pollution level was not 
extreme (Meregalli et al., 2000). 
Grossly contaminated sites usually occur some distance downstream after a rivers has 
drained polluted sites or received water from other polluted sources (lower order river). 
Several recent studies have demonstrated a linear pattern of deformities (mentum and 
other body parts) along gradients of contaminations (e. g. Dickman et al., 1992; Bird, 
1994; Madden et al., 1995; Callisto et al., 2002). Most deformity studies have been 
undertaken on sites some distance downstream on rivers/streams and relatively 
infrequently at headwater sites (see Table 8.4). This study was undertaken at spring 
source locations, which normally experience minimal anthropogenic pollution. This 
may explain the relatively low percentage of deformities recorded in this study 
compared to the others. 
The mentum deformities recorded in this study were similar to those described in 
previous studies (e. g. by Koehn and Frank, 1980; Warwick et al., 1987; Warwick and 
Tisdale, 1988). Most of the deformities recorded were associated median teeth being 
either missing, asymmetrical edges or an abnormal divide (see Photograph 8.3). 
Deformities on median teeth recorded in this study varied in terms of. i) additional teeth 
in the median area (see Photograph 8.3 -a), ii) missing median teeth (see Photograph 
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8.3 b ), iii) Kohn gaps (see Photograph 8.3 c, d e) and iv) asymmetrical edges (see 
Photograph 8.3 f, g, h, i). Deformities on lateral teeth of Chironomus taxa were also 
recorded i) extra outer lateral teeth (see Photograph 8.3j) and ii) missing first lateral 
teeth (see Photograph 8.3 k). A variety of deformity types occurred at the Zn polluted 
site and suggests that different species may exhibited different responses to pollution. 
This coincides with the finding of Warwick and Tisdale (1988), that different 
chironomid species originating from the same contaminated site have different 
frequencies of mouthpart deformities. 
Other taxa such Prodiamesa olivacea (Prodiamesinae), Diamesa (Diamesinae), 
Eukiefferiella claripenis and Chaetocladiu suecicus (Orthocladiinae) exhibited very 
low frequencies of mentum deformities (see Table 8.9). Servia et al (2000) reported 
that the frequency of deformities in P. olivacea was generally lower than in C. riparius 
from the same site. They suggested that studies of P. olivacea should involve sampling 
over an extended period, to minimise the effects of temporal variations. Dermott (1991) 
also found that larvae of the genus Chironomus tend to show higher frequencies of 
deformities than the genus Procladius. Similar results were reported by Diggins and 
Stewart (1993), that Chironomus exhibited a higher frequency of deformity than 
Procladius. Only two individuals of P. olivacea in this study were found to have 
deformities: i) abnormal first lateral teeth (see Photograph 8.3 L) and ii) additional 
lateral teeth (see Photograph 8.3-m). Eukiefferiella claripenis and Diamesa exhibited 
missing median teeth (see Photograph 8.3 n, o) and a Chaetocladius suecicus specimen 
exhibited extra lateral teeth beneath the first lateral teeth (see Photograph 8.3 p). 
Deformities recorded in this study are probably related to the high Zn concentrations 
within the ecosystem. Martinez et al., (2003) reported that the association of 
deformities with specific metals and particularly excessive concentrations of Cu 
resulted in missing teeth, fused teeth and Kohn gaps. In addition, previous research has 
indicated missing and fused teeth caused by high Zn concentrations, and Kohn gaps 
and missing teeth induced by Pb (Martinez et al., 2001). In the current study, only Zn 
was present at high concentrations and enables the determination of specific 
contaminant effects on different species of chironomids. This assumes that no 
significant interaction between pollutants (addition, synergistic or antagonistic) occurs 
and deformities occurred were based on Zn contamination. The synergistic and 
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antagonistic actions from mixtures of pollutants are complex and still far from being 
understood (Buffle, 1988). The highest frequency of median mentum teeth deformity 
was asymmetrical of median teeth (36.4%). 
Chironomus spp. (Chironomini Tribe) are one of the few genus reported to occur in 
stream of different sizes and water quality (Lenat, 1993) and different types and range 
of contaminants (Diggins and Stewart, 1993; Bird, 1994). Chironomus primarily 
inhabitant fine sediments and this can be found within the Tricket Sough spring 
ecosystem. 
8.7 Summary 
This chapter has present the results of the study to assess Zn contamination in Tricket Sough spring and 
larval Chironomidae mentum deformities. A brief literature review related the heavy metal 
contaminations and a larval Chironomidae deformity was outlined. A detail methodology for fieldwork, 
sampling and laboratory analysis for heavy metal determination was ere also given. Results were 
presented with references to previous similar studies. The Zn concentrations in Tricket Sough spring 
water, sediment and chironomids larvae were high the Tricket Sough. Mentum deformity occurred at 
8.3% of the total population at this spring compared to 0% was found at reference site (Otter Hole 
spring) even though it had high Zn concentrations in the benthic sediments. Since other metals present 
were at very low concentrations, high Zn concentration was the presumed cause of the mentum 
deformities in larval Chironomidae. The highest frequency of deformities was recorded in genus 
Chironomus (20%). The next chapter presents the overall discussion of results of study and the 
conclusion of the study. 
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CHAPTER 9: CONCLUSION 
9.1 Introduction 
This chapter presents a synthesis of the research based on the objectives outlined in 
Chapter 1.3. Overall, this study has examined the biodiversity of Chironomidae larvae 
within Limestone springs in the White Peak (Peak District National Park), with specific 
reference to their physical and chemical characteristics spatially and temporally. Both 
biological data and spring physico-chemical characteristics were examined at different 
spatial scales. The macro-scale study investigated water characteristics of 15 springs and 
larval Chironomidae biodiversity across the White Peak. The results demonstrate the 
relative homogeneity of the springs physico-chemical spatially regardless of differences in 
the other characterisics of the springs (e. g. thermal and coldwater springs and perennial and 
intermittent springs) (Chapter 5). The larval Chironomidae demonstrated high variability in 
abundance and distribution within and between the springs (15 springs) and indicated the 
presence of both widely distributed (ubiquitous) and spring specific taxa (e. g. 
Paraphaenocladius). Result also demonstrated the importance of key physical 
characteristics (e. g., substratum composition, indicative flow velocity and instream 
vegetation) on larval Chironomidae distribution and abundance (Chapter 6). The meso- 
scale investigation of a subset of 5 springs demonstrated the temporal variability of 
physico-chemical water characteristics and flow regime (high flows during the winter and 
low during the summer) (Chapter 5), which influenced the abundance of larval 
Chironomidae (Chapter 6). The micro-scale study (longitudinal) of a single springbrook 
ecosystem demonstrated that water quality characteristics had limited influence on the 
longitudinal distribution of larval chironomids. The larval Chironomidae community 
exhibited a succession of different taxa spatially (along the springbrook) and temporally 
(see Figure 7.9). In addition, in a natural ecosystem the micro-scale distribution pattern of 
larval chironomids appeared to be strongly influenced by physical characteristics 
(substratum composition) rather than chemical water quality characteristics (Chapter 7). 
The second micro-scale study examined the impact of zinc pollution on larval 
Chironomidae mentum deformity at Tricket Sough spring and a control site (Otter Hole 
spring). Results demonstrated that elevated zinc concentrations in water, benthic sediments 
and chironomid larvae lead to an increase in mentum deformities at the impacted site 
(Tricket Sough) compared to the control site; and demonstrated the value of larval 
chironomids as biological indicators of heavy metal pollution (Chapter 8). 
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9.2 Implication of different scale investigation 
Many studies of biodiversity of aquatic invertebrates consider large scale variability (e. g., 
landscape - catchments) and involve analysis of fauna from the headwaters through to the 
river mouth; and sometimes comparisons between headwaters and other parts of the river 
system (Vannote et al., 1980; Ferrington, 1984; Pinder and Farr, 1987; Rabeni and Wang, 
2001; Helson et al., 2006). Some research has focused on Chironomidae (Diptera) larval 
community structure within river and lake ecosystems (Schmid, 1992; Marques et al., 
1994; Halvorsen et al., 2001; Rae, 2004; Suemoto et al., 2005). However, only a limited 
number of crenobiological studies have focused on Chironomidae historically (Ladle et al. 
1985; Ferrington, 1987,1998; Colbo, 1991; Blackwood et al. 1995) and very little 
crenobiological research has been undertaken in the United Kingdom to date. This study 
therefore investigated headwater spring source areas (eucrenal zone) at three different 
scales: i) macro-scale - White Peak region; ii) meso-scale -5 springs; and iii) microscale - 
individual springs (longitudinal and heavy metal analysis). 
The macro-scale study provided information regarding the regional biodiversity of 
chironomid larvae within springs with different characteristics (perennial vs intermittent, 
coldwater vs thermal and high vegetation cover vs low vegetation cover) within the White 
Peak region. This provides information regarding the regional scale distribution of 
chironomid larval within spring source areas (less than Im from the point of groundwater 
emergence). The meso-scale study examined a subset of the macro-scale sites at a finer 
temporal resolution. Both of these scales of study examined the chironomid larval 
biodiversity associated with a combination of multi environmental factors. The micro-scale 
studies of individual springs facilitated greater understanding of some of the underlying 
controls on larval chironomid biodiversity and micro-distribution with reference to the site 
specific characteristics (substratum changes and heavy metal contamination). 
9.3 Summary of thesis 
9.3.1 Macro-scale investigation 
The Chironomidae community present within the 15 springs at the regional scale (White 
Peak) differed markedly between sites resulting in variable biodiversity measures 
(Shannon-Weiner, Simpson, Margalef, Equitability and Berger-Parker). Different types of 
springs supported subtly different chironomid communities and the patterns reported 
176 
appear to reflect those in other studies (Rossaro, 1992; Lindergaard, 1995; Ferrington, 
1998). However, this study also found that most chironomids within the White Peak spring 
ecosystem were relatively ubiquitous (twelve taxa occurred at seven sites or more). 
Recently, it has been acknowledged that worldwide, springs support high diversities of 
Chironomidae larvae, although their diversity and distribution within individual springs 
may be highly variable (Ferrington, 1998; Lindegaard, 1998). A total of 79 taxa were 
recorded in this study and is comparable to other studies of springbrook ecosystems: for 
example from 32 springs in the Unites States of America 178 species were recorded 
(Ferrington, 1998); in springbrook and spring fed systems in the Central High Plain Region 
of United States 113 species were recorded (Blackwood et al., 1995); and Lindegaard et al., 
(1998) reported a total of 170 taxa from 110 springbrook system in Denmark. Smith (2000) 
reported 93 macroinvertebrate taxa in 18 springs across the White Peak although 
Chironomidae were only considered at the subfamily level; and other Diptera were 
recorded at the family level. This study identified 79 taxa of Chironomidae (41 genus, 37 
species and I subfamily (Tanypodinae) which were not identified further due to the 
absence of appropriate taxonomic keys). This clearly indicates that examination of taxa at a 
coarse taxonomic resolution severely underestimates overall biodiversity. If Chironomidae 
data from the present were added to the aquatic biodiversity recorded in previous studies in 
the White Peak the total number of taxa increase by 45.9% (a total of 172 taxa). However, 
even this is an underestimate since other Diptera have still only been considered at the 
family level. 
In general, the subfamily Orthocladiinae appear to dominate the coarse grained substrates 
and the subfamily Chironominae the finer substrates (sand and silt). These findings are in 
general agreement with previous studies (Nolte, 1991; Ferrington, 1998; Orendt, 2000). 
This study also demonstrates that submerged vegetation such as bryophytes, macrophytes 
and filamentous algae play a significant role in determining the Chironomidae community 
structure and biodiversity within White Peak springs. Moss and algae appear to support 
higher diversities than macrophytes (e. g. Ranunculus spp. ). However, interpreting the 
results is not always simple since complex interactions occur between environmental 
variables and the biological community. At the macro-scale it was not possible to identify 
any single environmental factor that appeared to be an overriding control on chironomid 
larval diversity or distribution. Chironomidae species were recorded from numerous 
springs encompassing in a wide range of environmental conditions. Thermal springs 
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supported less Chironomidae taxa and had lower community abundances compared to 
Coldwater springs. A limited number of Chironomidae taxa are known to be adapted to 
thermal waters (Ward and Stanford, 1982; Colbo, 1991; Hayford et al., 1995) and low 
dissolve oxygen concentrations. Most common chironomid subfamilies were found in the 
springs in the White Peak (see Table 6) are cold-loving, stenothermic taxa (Pinder, 1986; 
Ferrington, 1998; Rossaro and Meitto, 1998). The majority of springs examined were 
perennial and supported higher larval chironomid community abundance and diversity 
compared to intermittent springs. Several characteristics may strongly influence 
chironomid larval abundance in perennial springs: i) the stable flow regime throughout the 
year providing relatively consistent habitat and food supply, ii) submerged vegetation 
provides a greater surface area (habitat) and food resources. 
9.3.2 Meso-scale investigation 
The meso-scale study was undertaken at five springs to provide detailed data regarding 
chironomid larval distribution over a 12-month period, each with distinct environmental 
characteristics. The results demonstrate that chironomid larval abundance in high and 
moderate flow velocity springs was higher than that in low flow velocity and intermittent 
springs. Taxon richness was not strongly associated with faunal abundance patterns. High 
abundances were generally recorded during the summer period and lower abundances 
during the winter; this pattern is common for most aquatic invertebrates (Smith, 2000). 
However, this pattern was not the case for intermittent springs, which were dry during the 
summer months and therefore experienced higher abundances during the late autumn and 
winter months when flow occurred. 
9.3.3 Micro-scale investigation 
The macro- and meso-scale studies demonstrate that a core of common taxa exist across 
the White Peak. Despite obvious differences between springs (flow velocity, vegetation 
and substratum), this did not result in markedly different larval chironomid communites. 
The micro-scale study demonstrated that the distribution of Chironomidae from the spring 
source and along the springbrook were variable and differed markedly. The diversity of 
larval Chironomidae appeared to reflect the heterogeneity of the microhabitat. Within a 
short distance downstream (along the springbrook), the change in substrate texture from 
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coarse grained substrates (cobble and gravel) to fine silt substrate resulted in major changes 
in the larval chironomid community. Orthocladiinae appeared to be the dominant 
subfamily within coarse grained substrates (as reported in other studies) and Chironominae 
became more abundant with an increase in fine sediments in the lower reach sites. 
However, Orthocladiinae were also dominant within the lower reaches sites despite the 
higher number of Chironominae. Smith (2000), in the study of Chironomidae subfamily 
longitudinal patterns within the same spring reported similar results. However, this result 
does not reflect the pattern reported in other studies where Chironominae were dominant 
within the fine silt and sand substrates (Nolte, 1991; Ferrington, 1998; Orendt, 2000). 
Vannote et al., (1980) suggested that temperature was the primary environmental factor 
influencing biotic communities within headwater ecosystems. However, this may not be a 
significant influence of fauna within this study and suggests that no clear single controlling 
factor on Chironomidae can be detected even at the micro-scale. 
The micro-scale study (eucrenal zone) of zinc contamination with a single spring and 
reference site demonstrated elevated zinc concentrations (water, sediment and chironomid 
larval) at the impacted site. Examination of the mentum structure of chironomid larvae 
indicated 8.3 % deformity occurred within the population (20% of Chironomus) subject to 
zinc pollution compared to the reference site (Otter Hole spring) with 0% deformity. 
9.4 Integration of multi-scale investigation 
Attempts to understand larval Chironomidae biodiversity within White Peak springs by 
selecting as many springs as possible may maximise overall diversity but may mask 
individual spring characteristics. Due to the unique character of each spring the 
environmental factors controlling the chironomid larval present may be highly variable 
(Blackwood, 1995; Ferrington, 1995). In addition, since chironomid larvae exhibit high 
temporal variability due to life cycle, predator-prey interaction and drift characteristics, a 
meso-scale study examining individual springs may aid in understanding the temporal 
pattern of community change. Ruse (1995) stated that the micro-distribution of 
chironomid larval within springbrooks were controlled by the temporal variability of water 
depth, flow velocity and substratum heterogeneity. 
The integration of the results from the multiple scales studied in this research was used to 
develop a conceptual model to visualise the relationship between scales (Figure 9.1). The 
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overall chironomid larval distribution and habitat preferences are summarised and shown 
in Table 9.1. A detailed distribution (genus and species level) of Chironomidae larvae 
associated with various environmental conditions is outlined in detail in Table 9.1. This 
table identifies the dominant taxa associated with mineral substrates and submerged 
vegetation based on mean flow velocity. Orthocladiinae were dominant on all substrates at 
sites with and without submerged vegetation. Chaetocladius vitellinus, C. dentiforceps, C. 
dentipes, Brillia modesta, Tvetenia calvescens and Rheocricotopusfuscipes were dominant 
at high and moderate mean flow velocities and a similar characteristic was exhibited by 
Diamesa spp. (Diamesinae subfamily). Chironominae were also found on a variety of 
substrates at low mean flow velocities (even though at lower densities and taxon richness). 
Low mean indicative flow velocities allow fine sediments to be deposited on the surface of 
the substrate and will be used by individual Chironominae for food and case building 
activities. Prodiamesinae and Tanypodinae were recorded at low densities and diversities 
and cannot be categorised in any particular groups. 
9.5 The benefits of the research 
This research has examined the biodiversity of Chironomidae larvae in limestone springs in 
the Peak District National Park, Derbyshire at a range of spatial scales. This research has 
significant contribution to knowledge in several ways. First, the research has 
trated the presence of physical gradients along springbrook ecosystems that clearly 
na biological gradient of response. This pattern suggests that longitudinal patterns, 
to those as proposed by the RCC (Vanotte et al., 1980), may occur even at small 
ocales (less than 60 m). Second, most historic biodiversity studies of springs within 
the White Peak only considered macroinvertebrate taxa, and Chironomidae were only 
examined at the family or subfamily level (e. g. Wood, 1998; Smith et al., 2001; Wood et 
al., 2002; Smith and Wood, 2002; Smith et al., 2003; Wood et al. 2005). Only one previous 
study has considered the biodiversity of Chironomidae in a cave system, Peak Cavern, 
Derbyshire (Gunn et al, 2000). The research in this thesis recorded 79 chironomid taxa 
from 15 springs across the White Peak study area. 
Third, results regarding the physical and chemical characteristics of spring in the White 
Peak appear to reinforce previous studies (see Table 2.3 for details) suggesting that spring 
source areas (eucrenal zone) are pristine ecosystems and have spatially consistent 
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background concentrations of anions and cations which reflect the characteristics of the 
underlying geology (with the exception of Tricket Sough - S3 which is polluted by zinc). 
Fourth, this study reported high variability of chironomid larval distribution within small 
spatial scales of individual springbrooks. The succession of taxa in part reflects variation in 
substratum texture and resource availability. Finally, this research has demonstrated the 
utility of Chironomidae as biological indicators in zinc pollution through the 
examination/study of mentum deformities. 
9.6 Limitations of research 
The limestone outcrop within the White Peak is sufficiently large and contiguous to form 
extensive groundwater aquifers (Gunn et al. 1998). A total of 127 springs are known to 
exist in the Carboniferous limestone outcrop, and of these at least 85 springs are located 
within the Wye sub-basin (Gunn, 1998). Only 15 springs were examined in detail in the 
present research programme and the sample size /sites are therefore limited. However, the 
sites reflect the full range of physical (abiotic) conditions recorded within springbrook 
ecosystems (perennial and intermittent, coldwater and thermal, highly vegetated and low 
vegetation cover). The present study examined the physical and chemical characteristics of 
the springs for a one-year period. Therefore the conditions during the study period may not 
necessarily reflect typical climatic conditions. 
Smith (2000) noted fluctuations in flow velocity, and to a lesser extent water chemistry, in 
White Peak springs over time (similar to the pattern reported in this study). The 
Chironomidae community, as well as water quality characteristics, exhibit some variability. 
Zollhöfer (1999) noted that many crenobiontic fauna are rare and partivoltine, seasonal 
and as a result there may be periods when some taxa are absent or only present in low 
abundances. A longer study period of water quality would provide a better understanding 
of faunal and spring water variability especially between perennial and intermittent springs 
during naturally wetter and dryer years. However, the time constraints of this research are 
typical of most contemporary PhD investigations. 
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Most of spring source areas within the White Peak study area are characterised by a 
small spatial extent of habitat and shallow water depth (see Appendix 3.1 for 
photographs). It was important to select an appropriate sampler with a representative 
spatial coverage to collect chironomid larvae whilst at the same time not destroying or 
excessively disturbing the spring source (eucrenal zone). It is imperative not to destroy 
the habitat or simply measure the impact of the experimental work. Resh (1983) warned 
against taking large number of small sample from springs, even though this may be 
desirable to ensure accurate representation of the spring community, since this may be 
detrimental to the spring ecosystem and was noted as a common problem in historic 
spring studies. 
The limitations of the taxonomic identification references has still resulted in an 
underestimation of Chironomidae biodiversity in this study. The subfamily 
Tanypodinae was only identified to the subfamily level due to lack of taxonomic 
references (Pinder pers. comm. ). Similar problems were encountered with the 
subfamily Chironominae some of which have only been identified to the genus level 
(see Table 6.1). Further examination of the larvae, pupae and adults specimens would 
reveal more precise information on biodiversity, taxa/species richness and distribution 
patterns. However, this would require a more intensive field programme and laboratory 
work. 
9.7 Future research developments 
Conducting research on spring and springbrook ecosystems provides important baseline 
information against which to measure future changes or disturbances (Williams and 
Williams, 1998). Simply measuring groundwater quality and contamination using 
chemical based approaches has several disadvantages: i) toxicity is difficult to 
measured when several contaminants co-occur; and ii) short term data collected rarely 
reflects true variability in water quality over time (Williams et al., 1999). As a result, 
biological monitoring should be used where possible in the investigation of 
groundwater contamination. Strong relationships have been demonstrated between 
contaminants and groundwater invertebrate community structure (e. g. Malard et al., 
1996). Forstner (1991) reported that pristine springs exhibited stable chemical and 
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physical characteristics potentially enabling the investigation of the relationship 
between spring fauna and contaminants. In addition, the potential of biological 
communities for monitoring groundwater is being increasingly recognised by ecologists 
and water resource managers (Kamp, 1995; Sarkka et al., 1997). Because of their 
abundance and known sensitivity to differences of water quality, Chironomidae are 
important due to their abundance and diversity and have long been used as biomonitor 
agents of water quality (Marques et al., 1999; Orendt, 2000; Halvorsen et al., 2001) and 
heavy metal pollution (Saether, 1979; Rabeni and Wang, 2001; Martinez et al., 2003). 
Future research is required to examine the Chironomidae pupae and adults at the study 
sites over a longer time period. The information gathered would be particularly useful 
for baseline information of the relatively pristine White Peak study area. Changes in 
biodiversity and distribution can be related to the environmental characteristics (natural 
and pollution). A good understanding of natural processes within ecosystems are 
important to identify the causes of deterioration. In addition, research regarding other 
Diptera, which have be excluded from previous research needs to be undertaken. Their 
inclusion in future research will provide a better understanding of the true biodiversity 
of limestone springs and of the natural processes controlling their distribution. 
Intermittent springs normally become dry during the summer period and most aquatic 
taxa are excluded. Only a small proportion of taxa may survive in the dry sediment over 
this period. Some chironomids have been reported to successfully survive dessicated 
conditions, such as Polypedillum vanderplanki Hinton (African species), which may 
persist in dry sediments for 17 years (Hinton, 1960); and two Japanese chironomids, 
Tanytarsus oyamai Sasa and Glyptotendipes tokunagai Sasa, have been reported to 
survive for one month under experimental dry condition (Okazaki et al., 1990). On the 
other hand, some of semi-aquatic (desiccation tolerant taxa) and terrestrial taxa may 
actually exploit the spring habitat during the dry period. These have been excluded 
from investigations of springs historically (Wood et al., 2005) with one notable 
exception (Lindegaard et al., 1975). The inclusion of these taxa will undoubtedly 
provide a better understandings of the true biodiversity of faunal utilizing springbrook 
ecosystem under the full range of environmental condition experienced. 
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MISSING 
IN 
ORIGINAL 
APPENDIX 4.1 
EXAMPLE OF ASSESSMENT SHEET 
GEOGRAPHICA L INFORMATION 
River name: Latitude: Longitude: 
R/S No: 
R/S/ Code: 
Topography: 
Gorge 
Broad Valley / Steep Valley / Altitude: Stream order: 
PHYSICAL ATTRI BUTES 
Stream type: Riffle / Pool 
Stream width: 
m 
Stream depth: 
m 
Stream edge: plain /vegetated / eroded 
Water level: low / moderate / high / flood Water colour: clear / moderate / cloudy 
River shadin : none / minimum / moderate / major 
Aquatic 
plant: 
present / absent 
Emergent: % 
Submer e: % 
BIRDS EYE VIEW OF SITE 
SAMPLING ATTR IBUTES 
Date of sampling: Times of sampling: Weather: Collector : 
Gear used: Location of sampling: No of sample 
collected 
Sample code: 
How were sample collected: wading / from bank / 
WATER QUALITY 
Temperature: °C 
Conductivity: pS cm-' 
Light penetration: Cm 
Dissolved oxy gen: m 1' 
H: 
Flow velocit : cm s 
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APPENDIX 4.2 
Anion eluent Preparation protocol for ionic chromatography analysis 
2.4 mmol"1 NaHCO3 112.5 mmol"1 Na2CO3 
Weighted 
Dissolved in pure water 
(Heated on hotplate) 
Filtered through 
0.45 pm filter paper 
Degassed using water 
bath (20 minutes) 
Kept cool until analysis 
APPENDIX 4.3 
Cation eluent preparation protocols for ionic chromatography analysis 
4 mmol"1 Tartaric acid 
110.75 mmol" Dipicolinic acid 
Weighted 
Dissolved in pure water 
(Heated on hotplate) 
Filtered through 
0.45 µm filter paper 
Degassed using water 
bath (20 minutes) 
Kept cool until analysis 
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APPENDIX 4.4 
Standard solution preparation for anion and cation parameters 
1. Series of anion and cation standard solution are shown in table below 
Anion Si S2 S3 
Nitrate 0.5 3 5 
Phosphate 0.5 3 5 
Sulphate 1.0 5 10 
Cation Si S2 S3 
Sodium 5 10 20 
Potassium 2.5 5 10 
Magnesium 5 10 20 
Calsium 10 20 40 
2. Standard stock solution (1000ppm) was diluted with the deionised water 
according to the formula below; 
M1V1 = M2V2 M1 = Stock concentrations 
M2 = Standard concentration required 
VI = M2V2/MI V1 = Volume stock required 
V2 = Final standard solution volume 
3. Example for nitrate standard solution preparation is shown below: 
Vstock = M2V2/M I 
= 0.5mg 1-'x 50 ml / 1000 mg 1" 
= 0.025 ml 
4.0.025 ml of stock solution were pipetted into canonical flask with 20 ml 
deionised water ready 
5. The mixture then filled with deionised water to reach 50 ml level and shaken 
well before use. 
6. Similar procedure was used to prepare other standard solution 
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APPENDIX 6.2 
Monthly sampling programme: Biological data (July 2003) 
i 
Taxa 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
Chironomus 
TRIBE: TANYTARSINI 
Micropsectra 2 92 4 98 
Tan arsus 36 4 40 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa 
Prodiamesa olivacea 1 52 53 
SUB FAMILY: DIAMESINAE 
Diamesa 1 1 
Diamesa s p. B 
Diamesa s p. C 
Diamesa s p. D 
Diamesa baicalensis 0 
Diamesa incellida 0 
Diamesa inacea 0 
Pseudodiamesa 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modeste 13 36 49 
8o haenocledius 2 2 
Cardiocladius 4 4 
Chaetocladius 1 2 3 
Chaetocladius dentiforce 0 
Chaetocladius Ow 0 
Chaetocladius vitellinus 0 
C. Cricoto us fuscus group I 1 
C. Cricoto us biclnctus rou 0 
C. Cricoto us tiblalis rou o 
C. Cricoto us tremulus group 
C. Nostococladius 
Eukiefferiella spB 
Eukiefferiella cyanea 8 
Eukiefferiella gracet 
1 0 
Heterotrlssocledius 
4 
Metriocnemus 0 
C y 
O 
Mteriocnemus hygropetricus 0 
Paratrissocladius 0 
Paratricocladius 0 
Rheocricotopus fuscipes 11 356 367 
Thienemannia 0 
Tvetenia s p. 16 16 
Tvetenia calvescens 1 1676 1677 
Tvetevnia c ata 1 1 
I No of individual in each spring 3 28 2276 11 2 2320 
Monthly sampling programme: Biological data (August 2003) 
C 
0 
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C 
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m 73 
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CO 
Q 
(1) 
m 
ö 
Taxa dry 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
Polypedillum I 0 
TRIBE: TANYTARSINI 
Micropsectra 9 24 33 
Parapsectra 0 
Tan tarsus 0 
SUB FAMILY: PRODIAMESINAE 
SUB FAMILY: DIAMESINAE 
Diamesa 4 4 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 5 36 41 
Chaetocladius dentiforceps 4 4 
C. Cricoto us tibialis group 4 4 
C. Cricoto us tremulus group 1 7 8 
Eukiefferiella gracei 12 12 
Limno h es 2 2 
Rheocricoto us fuscipes 3 64 67 
Tvetenia calvescens 460 460 
No of individual in each spring 10 15 608 2 
1I 635 
Monthly sampling programme: Biological data (September 2003) 
C 
0 
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E 
0 
m 
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75 
Taxa DRY 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
TRIBE: PSEUDOCHIRONOMINI 
TRIBE: TANYTARSINI 
Micropsectra 4 1 5 
Para sectra 1 1 
Rheotanytarsus 0 
Tan tarsus 1 1 
SUB FAMILY: TANYPODINAE 1 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 3 1 4 
SUB FAMILY: DIAMESINAE 
Diamesa 1 1 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesty 37 51 88 
Chaetocladius 0 
Chaetocladius dentiforceps 3 3 
Chaetocladius denn es 0 
Chaetocladius piger 3 3 
Chaetocladius suecicus 0 
Chaetocladius vitellinus 0 
Cricotopus (C. ) cylindraceus 0 
Cricotopus fuscus 1 1 
Cricotopus tremulus 11 11 
Eukiefferiella brehmi 1 
_1 
Eukiefferiella claripenis 0 
Eukiefferiella cyanea 22 22 
Eukiefferiella gracei 8 8 
Metriocnemus 5 10 15 
Mteriocnemus h ro etricus 2 2 
Limno h es 1 1 
Paracricotopus 0 
Parametriocnemus 
-- r 0 
Paraphaenocladius 0 
Paratricocladius 47 1 48 
C 
0 
0 
E 
y o 
Ti 3 = °ý a 
C o 
T (1) 0 
U 
Rheocricotopus fuscipes 41 4 
S northocladius 
Thienemannia 6 
Tvetenia calvescens 1 349 3E 
No of individual in each spring 1 188 422 2 61 
Monthly sampling programme: Biological data (October 2003) 
>1 
C 
o 
a) 
o 
m 
E 
co 
O 
ra 
Ö 
Taxa DRY 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE CHIRONOMINI 
Chironomus 
TRIBE: PSEUDOCHIRONOMINI 
I Polypedillum 1 1 
TRIBE: TANYTARSINI 
Micropsectra 1 4 5 
Nimbocera 
Parapsectra 1 1 
Tan tarsus 3 3 
SUB FAMILY: TANYPODINAE 1 1 2 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 1 1 2 
SUB FAMILY: DIAMESINAE 
Diamesa 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 2 23 25 
Eukiefferiella breicalcar 2 } 2 
Eukiefferiella minor 4 } 4 
Eukiefferiella sp. C 1 1 
Para tricocladius 1 1 
Rheocricotopus fusci es 1 
-- 
2 
tl 
3 
Tvetenia calvescens 4 154 4 162 
No. Of individual in each spring 4 13 
1 191 4 212 
Monthly sampling programme: Biological data (No%einher 2003) 
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Taxa dry 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
Pol edillum III P. convict um ? 1 1 
TRIBE: PSEUDOCHIRONOMINI 
TRIBE: TANYTARSINI 
Micropsectra 9 9 
M. insi nilobus-t e1? 1 1 
Tan tarsus 3 3 
SUB FAMILY: TANYPODINAE 1 1 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa 
Prodiamesa olivacea 2 1 3 
SUB FAMILY: DIAMESINAE 
Diamesa 4 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 32 60 92 
Chaetocladius acuticornis 0 
Chaetocladius dentiforce s 0 
Chaetocladius denti es 
Chaetocladius piger 1 1 
Chaetocladius suecicus 
Chaetocladius vitellinus 0 
Ort hoc/ad/us 3 
Rheocricotopus fuscipes 1 1 2 
Tvetenia calvescens 47 166 213 
No of individual in each spring 5 89 239 333 
Monthly sampling programme: Biological data (December 2003) 
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m° 
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m 
Taxa 
- 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
Pol edillum I 
Chironomus 
TRIBE: TANYTARSINI 
Micro sectra 10 10 
Microra insi nilobus- e? 3 3 
Microctra radialis- ? 1 1 
Parapsectra 
Tanytarsus 1 1 2 
Tanytarsus chinyensis I I 
SUB FAMILY: TANYPODINAE 3 4 
SUB FAMILY: PRODIAMESINAE 
SUB FAMILY: DIAMESINAE 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 3 4 14 54 75 
Chaetocladius -0 
Chaetocladius er 
Chaetocladius suecicus 0 
Eukiefferlella brevicalcar 
- 
2 
Heleinella 1 
Het erotrissocladius sub i/osus 4 
Limn h es 2 3 
Nanocladius 2 2 
Rheocricot us fuscipes 0 
Tvetenia calvescens 1 50 51 
No of individual in each spring 
5 5 18 135 7 170 
Monthly sampling programme: Biological data (January 2004) 
ý 
Ö 
m 75 
a 
-so 
Taxa 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
TRIBE: TANYTARSINI 
Kreno sectra 1 1 
Micro sectra 15 15 
Nimbocera 1 1 
Para sectre 3 3 
Tan arsus 1 
SUB FAMILY: TANYPODINAE 0 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 1 
SUB FAMILY: DIAMESINAE 
SUB FAMILY: ORTHOCLADIINAE 
Brillia 0 
BrNlia modeste 6 76 5 87 
Chaetocladius 5 5 
Chaetocladius 1 er 1 15 16 
Chaetocladius vitellinus 1 1 
Eukiefferiella brevicalcar 12 12 
Eukiefferiella cyanea 0 
Eukiefferiella devonlce 1 1 
Eukiefferiella gracei 1 1 
Heterotan raus 0 
Heterotrissocladius 0 
HeteroMssocladius oliver! 0 
Limno h es 1 I 
Parametriocnemus 0 
Paraphaenocladius 0 
Rheocrlcoto us fuscipes 0 
Tvetenia s p. A 1 
Tvetenia 0 
Tvetenia calvescens 26 1 27 
Tvetenia discolors s 0 
Tvetenia venalli 1 1 
No of individual in each spring 7 140 26 2 175 
Monthly sampling programme: Biological data (February 2004) 
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°9 
Taxa 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
TRIBE: TANYTARSINI 
Micropsectra 7 2 9 
Tanytarsus 1 1 
SUB FAMILY: TANYPODINAE 1 1 
SUB FAMILY: PRODIAMESINAE 
SUB FAMILY: DIAMESINAE 
SUB FAMILY: ORTHOCLADIINAE 
Brillia lon ifurce 
Brillia modesta 1 9 7 1 18 
Chaetocladius vitellinus 28 28 
Eukiefferie/la brehmi 6 g 
Eukietferiella cyanea 2 2 
Eukiefferiella devonica rou 1 1 
Heterotrisscladius hirtapex 0 
Heterotrissocladius marcidus 1 1 
Heterotrissocladius oliver! 2 2 
Limno h es 0 
Parametriocnemus 0 
Rheocricotopus fusci es 2 2 
Tvetenia brevicalcar 0 
Tvetenia calvescens 57 57 
No of Individual In each spring 0 3 83 39 3 128 
Monthly sampling programme: Biological data (March 2004) 
FAMILY: CHIRONOMIDAE 
Ö 
Z 
m Ö 
m 
SUB FAMILY: CHIRONOMINAE 
TRIBE: TANYTARSINI 
Micropsectra 2 2 4 
Pol edillum I 0 
Pol edillum ll/ 0 
Tanytarsus 0 
SUB FAMILY: TANYPODINAE 1 2 3 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 0 
SUB FAMILY: DIAMESINAE 
Diamesa sp 25 3 28 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 21 6 27 
Chaetocladius i er 20 4 24 
Chaetocladius vitellinus 2 2 
Chaetocladius suecicus 0 
Cricot us fuscus 0 
Crocot us tremulus 1 I 
Crocot us triannulatus 0 
Eukiefferiella brevicalcar 3 3 
Eukiefferiella races 1 1 
Eukiefferiella minor 3 3 
Heterotrissocledius changi 0 
Heterotrissocladius marcidus 0 
Heterotrlssocladius olivel 0 
Heterotrlssocladius sub ilosus 0 
Oliveridia 0 
Orthocladius s. str 0 
Parametriocnemus 25 25 
Para haenocladius 0 
Paratrichocladius 6 6 
Paratrissocladius 0 
Rheocricotopus effusus 0 
Rheocricot us fuscipes 3 3 6 
S northocladius 0 
Tvetenla s p. A 0 
Tvetenia calvescens 98 2 100 
No of individual in each spring 22 25 131 17 38 233 
Monthly sampling programme: Biological data (April 2004) 
0 
a 
v 
m 
_0 C/3 
80 
fa 
m0 
_ 
_ 
A 
-1 
E 
-j 
Taxa 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
TRIBE: TANYTARSINI 
Micropsectra 4 4 
Polypedillum 1 1 1 
Tanytarsus 1 1 
Tanytarsus chin ensis 
SUB FAMILY: TANYPODINAE 1 1 
SUB FAMILY: PRODIAMESINAE 
SUB FAMILY: DIAMESINAE 
Diamesa s 13 4 2 19 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modeste 8 10 1 19 
Chaetocladius acuticornis 2 2 
Chaetocladius dentiforce s 1 2 4 6 13 
Chaetocladius piger 0 
Chaetocladius vitellinus 7 1 8 
Cricot us fuscus 2 1 1 4 
Eukieferiella sp. B 0 
Eukiefferiella brevicalcar 13 13 
Eukieferiella discolorl s 0 
Eukiefferiella racel 0 
Heterotrissocladlus sub llosus 0 
Oliveridia 6 6 
Parametriocnemus 0 
Para haenocladius 0 
Paratrichocladius 0 
Paratrissocladius 0 
Rheocricot us chalybeatus 1 1 
Rheocricot us fuscl s 3 8 4 1 14 
Tvetenia calvescens 104 104 
Tvetevnia cl eats 
Tvetenia discolori s 1 1 
Tvetenia verralli 1 1 11 13 
No of individual in each spring 2 19 157 30 16 224 
Monthly sampling programme: Biological data (May 2004) 
v 
m 
) 
m 
m 
j 
CS 
j F 
SUB FAMILY: CHIRONOMINAE 
-. 
TRIBE: CHIRONOMINI 
TRIBE: TANYTARSINI 
Krenopsectra 
Micropsectra 1 1 2 
Parapsectra 0 
P. Pol dillum nubeculosum 0 
P. Pol edillum convictum 0 
Tanytarsus 1 I 
SUB FAMILY: TANYPODINAE 2 2 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 0 
SUB FAMILY: DIAMESINAE 
Diamesa s 65 31 5 101 
Pseudodiamesa branickii 0 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 69 22 2 93 
Chaetocladius dentiforceps 3 2 5 
Chaetocladius piger 0 
Chaetocladius vitellinus 1 3 4 
Chaetocladius suecicus 0 
C. Nostococladius 1 1 
C. Cricoto us fuscus rou 2 1 3 
C. Cricoto us tibialis group 0 
C. Cricot us tremulus group 5 3 8 
C. Cricot us trifascia Aroup 3 3 
Eukiefferiella brevicalcar 0 
Eukiefferiella race! 7 7 
Eukiefferiella minor 0 
Heterotrissocladius marcidus 0 
Heterotrissocladlus sub ilosus 0 
Metriocnemus 0 
Parametriocnemus 0 
Para haenocladius 1 1 
Paratrichocladius 1 1 1 3 
Rheocricoto us chalybeatus 0 
Rheocricoto us fusci es 36 4 40 
Tvetenia calvescens 36 36 
Tvetenia discolor/ s 0 
Tvetenia verralli 1 I 
No of individual in each spring 1 0 221 67 22 311 
Monthly sampling programme: Biological data (June 2004) 
ö 
2 
Co 
E 
Co o 
J 
0 
Taxa DRY 
FAMILY: CHIRONOMIDAE 
SUB FAMILY: CHIRONOMINAE 
TRIBE: CHIRONOMINI 
ITRIBE: TANYTARSINI 
Micropsectra 5 7 
Parapsectra 0 
P. Pol edillum nubeculosum 
1 f1 
P. Pol edillum convictum 
2 2 
_ 
SUB FAMILY: TANYPODINAE 1 
1 
- 
2 
SUB FAMILY: PRODIAMESINAE 
Prodiamesa olivacea 11 
SUB FAMILY: DIAMESINAE -- 
Diamesa sp 1 8 
9 
"Diamesa" car atica -0 
SUB FAMILY: ORTHOCLADIINAE 
Brillia modesta 1 1 71 1 74 
Chaetocladius dentiforce s 1 78 
Chaetocladius i er 0 
Chaetocladius vitellinus 
0 
C. Cricoto us fuscus group 
C. Crocoto us tremulus rou 
1 1 
Eukieferiella s .C 
4 4 
Eukiefferiella cyanea 1 1 
Eukiefferiella devonica rou 0 
Eukiefferiella gracei 1 37 38 
Eukieferiella minor 1 12 { 13 
{ 
Heterotrissocladius sub ilosus 
0 
Heterotrissocladius marcidus 0 
Parametriocnemus 1 1 
-2 
Para trichocladius 10 10 
Paratrissocladius 
-0 
Rheocricoto us chat beatus 15 15 
Rheocricoto us fuscipes 121 121 
Tvetenia calvescens 130 
-1 
130 
Tvetenia verralli 5 5 
No of individual in each spring 6 4 423 12 445 
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APPENDIX 7.2: 
Substrate Particle Size Terminology and Categories (after Cummins, 1962). 
Modified Classification 
(Cummins, 1961) Wentworth Classification 
Name Particle Size Range 
in mm 
Boulder Boulder >256 
Cobble Cobble 64-256 
Pebble Pebble 32-64 
16-32 
8-16 
4-8 
Gravel Granule 2-4 
Very coarse sand Very coarse sand 1-2 
Coarse sand Coarse sand 0.5-1 
Medium sand Medium sand 0.25-0.5 
Fine sand Fine sand 0.125-0.25 
Very fine sand Very fine sand 0.0625-0.125 
Silt Silt 0.0039-0.0625 
Clay Clay <0.0039 
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APPENDIX 7.3 
Longitudinal sampling programme: biological data 
Site a (Lees Bottom) 
SAM PLIN GD ATE 
8 
N 
8 
N 
8 
N 
8 
O 
8 
9 
C 
N C. Co 
TAXA 
FAMILY CHIRONOMIDAE 
SUB FAMILY Chlronominae 
TRIBE Chironomini 
TRIBE Tan arsini 
Micropsectra 1 2 2 5 
SUB FAMILY Tanypodinae 2 2 1 5 
SUB FAMILY Prodiamesinae 
Prodiamesa oiivacea 1 1 
SUB FAMILY Diamesinae 
Diamesa 1 5 6 
SUB FAMILY Orthocladiinae 
Brillia 
Brillia modesta 1 1 2 1 5 
Chaetocladlus 2 2 
C. dentiforce s 6 2 7 15 
C. vitellinus 1 1 3 5 
C. Cricoto us fuscus group 1 
C. Cricoto us tremulus group 3 3 
C. Nostococladius 1 
Eukiefferiella race! 
Helelnella 1 I 
Heterotrissocladius oliver! 2 2 
Het erotrissocladlus sub Ilosus 4 4 
Limnhes 2 2 
Nanocladius 2 2 
Ollveradla 6 6 
Parametrlocnemus 25 25 
Para haenocledlus 1 I 
Paratricoc/adlus 6 1 7 
Rheocrico us chalybeatus 1 I 
Rheocricot us fusci s 1 I 
Tvetenis calmscens 4 1 2 7 
Tvetenia verrall 1 1 
TOTAL 2 2 2 4 7 2 3 38 16 22 12 110 
Longitudinal sampling programme: biological data 
Site b (Lees Bottom) 
S AM PLIN G DA TE 
8 
Q(ý 
N N 
8 
N 
8 
a 
8 9 
Ö 
O O 
H 
TAXA dry Dry d 
FAMILY CHIRONOMIDAE 
SUB FAMILY Chironominae 
TRIBE Chironomini 
TRIBE Tan arsinl 
Kren sectra 
Micropsectra 4 2 4 10 
Parapsectra 2 1 3 
Tanytarsus 1 1 
SUB FAMILY Tanypodinae 4 8 
SUB FAMILY Prodiamesinae 
SUB FAMILY Diamesinas 
Diamess 1 
SUB FAMILY Orthocladlinae 
Brillia 1 1 
Brillia modesta 86 5 7 4 102 
Chaetocladius 25 25 
C. dentiforce s 
8 1 0 
C. piger 1 1 1 
3 
C. suecicus 
C. vitellinus 
2 2 
C. Coco us tremulus group 3 3 
Helelnella 10 10 
Heterotan arsus 
1 
Heterotrissocladius subpilosus 1 
1 
Llmn h es 15 1 1 17 
Metriocnemus 1 I 
Parametriocnemus 28 27 2 14 1 72 
Paratricocladlus 1 2 3 
Rheocrico s chat beatus 1 1 
Rheocricoto us fusci s 1 
Tvetenls calvescens 1 1 2 
Tvetenia verrall 1 5 
6 
TOTAL 51 124 40 5 26 28 7 Z81 
Longitudinal sampling programme: biological data 
Site c (Lees Bottom) 
S AMP LIN G DA TE 
N 
C4 
Cl) 
N 
cli 
8 
N 
S 
9 
SýV 
O 
g 
ö 
N Ö Ö O 
O O 
FAMILY CHIRONOMIDAE d dry, d 
SUB FAMILY Chironominas 
TRIBE CNroncmnini 
P. P illum nubeculosum 1 
1 
TRIBE Tan ini 
Wropsedra 8 2 3 6 12 31 
Pwapwdra 1 1 1 6 1 10 
Tan arsus 3 3 6 
SUB FAMILY Diamesinae 
Ciamesa 2 18 20 
SUB FAMILY Orthocladiinae 
Mlia modesta 33 52 48 5 16 17 1 172 
Chaetocladius 25 25 
C. dentiforce 2 2 
C. piger 1 1 2 
C. wtelknus 1 1 2 
C. Crico us fuscus group 1 1 
C. Cdco s tibialls group 1 1 
C. Crico s bemulus group 
6 6 
C. Cri s bifascia group 
1 1 
Eukieffer ella B 
2 2 
Eukielfeiiella brevicalcar 14 14 
Eukieffemilla anew 
1 1 
Eukiefleºiella devonk: a group 
1 1 
Eukie/leriella gmwi 
1 1 1 3 
Eukiefferlella minor 
1 I 
Heleinella 10 10 
Heterotrissocladius mandus 1 2 3 
Heterotrissocladius sub ilosus 18 4 1 23 
um hs 15 1 1 17 
Parametriocnemus 8 56 36 62 162 
P aenocladius 2 1 3 
Parabissocladius 1 1 2 
Paratricoc/adius 3 3 
Rs cha atus 1 2 3 
Rheocrico s fusci s 1 2 2 2 1 8 
Tvetenia sp. A I 
I 
Tvetenia brevicak ar 3 3 
Tvetenis calvescens 4 4 4 1 13 
Tvetenis discolors s 6 4 10 
Tvýetenia verso 5 11 10 1 27 
TOTAL 84 65 121 86 60 85 89 590 
Longitudinal sampling programme: biological data 
Site d (Lees Bottom) 
SA MP LING DA TE 
8 
N N 
m 
N 
cn 
ý 
8 
O 
9 
O 
9 
N Ö Ö Ö 
'i 
I 
TAXA d d d 
FAMILY CHIRONOMIDAE 
SUB FAMILY Chlronominas 
TRIBE Chironomini 
TRIBE Tan arsini 
Krenopsectra 
M1c sectra 10 9 13 8 30 70 
Parapsectra 5 6 11 
Tan arsus 2 2 
SUB FAMILY Tan odinae 
SUB FAMILY Prodiamesinae 
SUB FAMILY Dlamssinas 
Diamesa 1 5 6 
Diamesa' ca etlce 3 3 
SUB FAMILY Orthocladlinss 
Brlllla 
Brliua modeste 27 5 18 4 8 12 3 77 
C. dent/orce 1 1 
C. Cr1cot us tremulus group 4 4 
C. Cricoto us tr/fascia group 1 1 
Euklefferlella spB 2 2 
Euklefferiella brevicak: ar 9 9 
Euklefleriella 1 1 1 2 
HeteroMssocedius marcldus 1 2 3 
Heterotrlssoc/adius olhrori 2 2 
Heterotrissocladlus 
sub llosus 9 4 13 
Umno es 3 1 4 
Parametrlocnemus 2 15 37 1 45 100 
Rheocrtco s cha beetus 3 7 10 
Rheocrlcot s fuscl s 9 1 1 4 15 
Tvetenls cetvescens 5 8 2 1 4 1 21 
Tvetenis discolors s 10 4 14 
Tvetenla vernal! 6 13 10 3 32 
TOTAL 5 39 8 54 78 58 07 93 402 
Longitudinal sampling programme: biological data 
Site e (Lees Bottom) 
SAM PLI NG DAT E 
8 5 
N 
8 
N 
8 8 8 
0 
8 
ö 
N 
ý 
N 
8 
ý 
0 
8 
ö 
O 
ý 
0 
o ö 
TAXA d d d 
FAMILY CHIRONOMIDAE 
SUB FAMILY Chironominae 
TRIBE Chironomini 
TRIBE Tan arsini 
Krenopsectra 
Microsectra 1 2 1 13 10 10 37 
M. radialls- e? 1 1 
Nimbocera 
Parapsectra 4 4 
Tanytarsus 2 1 2 5 
SUB FAMILY Tanypodinae 1 1 
SUB FAMILY Prodiamesinae 
SUB FAMILY Diamesinae 
Diamesa 1 1 
SUB FAMILY Orthocladiinae 
SHIM 
Brlllia modesta 10 52 11 3 11 4 1 92 
C. piger 1 1 
C. Cricoto us fuscus group 1 9 10 
C. Cricoto us trifascia group 1 1 
Eukiefferiella spB 1 1 
Eukiefferiella brevicalcar 2 2 
Heterotrissocladius oliveri 4 1 5 
Heterotrissocladius sub ilosus 14 5 2 21 
Parametriocnemus 3 8 13 3 27 
Paretrichocladius 1 1 
Rheocricotopus cho beatus 4 2 6 
Rheocricoto us effusus 1 1 
Rheocricoto us fusci s 1 4 5 
Tvetenis calvescens 7 3 2 19 31 
Tvetenis discolors s 4 14 2 20 
Tvetenle verrali 6 16 22 
TOTAL 9 13 57 25 46 70 57 18 295 
Longitudinal sampling programme: biological data 
Site f (Lees Bottom) 
SAMPL ING DAT E 
o N O N 
I 
Ö N N 
O O 
TAXA d d d 
FAMILY CHIRONOMIDAE 
SUB FAMILY Chironominae 
TRIBE Chironomini 
P. Pol edillum nubeculosum 1 1 
TRIBE Tanytarsini 
Krenopsectra 
Microsectra 1 1 6 12 2 2 24 
Parapsectra 6 6 12 
Rheotanytarsus 
Tan tarsus 2 3 1 6 
SUB FAMILY Tanypodinae 1 1 2 
SUB FAMILY Prodiamesinae 
Prodiamesa olivacea 1 5 6 
SUB FAMILY Diamesinae 
SUB FAMILY Orthocladiinae 
Brillia 
Brillia modesta 1 6 16 10 7 2 2 2 46 
Eukiefferiella spB 2 
2 
Eukiefferiella devonica group 1 1 
Eukiefferiella gracei 1 1 
2 
Heterotrissocladius hirtapex 1 1 
Heterotrissocladlus oliver! 1 
1 
Heterotrissocladius sub tlosus 4 1 5 
Limnhes 3 3 
Parametriocnemus 2 11 11 24 
Parapheenocladius 1 1 
Paratrissocladius 2 2 
Rheocricoto us chalybeatus 3 4 1 8 
Rheocricotopus fuscipes 2 1 1 4 
Tvetenis calvescens 1 2 1 1 5 
Tvetenis discoloripes 4 2 6 
Tvetenia verralt 9 10 14 33 
TOTAL 11 9 18 26 47 36 35 13 195 
